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Ergot Alkaloids. Isolation of iV-Demethylchanoclavinc-II 
from Claviceps Strain SD 58 and the Role of 
Dcmethylchanoclavines in Ergoline 
Biosynthesis 

John M. Cassady, Charles I. Abou-Chaar 1 and Heinz G. Floss 

Department of Medicinal Chemistry and Pharmacognosy, Purdue University, 
Lafayette, Indiana 47907 

Abstract. — A new trace alkaloid was isolated from Claviceps strain SD 58 and 
identified as the so far unknown ( — )-7V-demethyIchanoclavine-II. Neither this com- 
pound nor iV-demethylchanoclavine-I-17-T prepared by chemical de methyl at ion of 
chanoclavine-I-17-T was incorporated significantly into elymoclavine by the ergot 
fungus. This suggests that these demethylchanoclavines are not precursors of the chano- 
clavines, but more likely arise from the latter by biological demethylation. 

In the course of various experiments with Claviceps strain SD 58 we have 
noted the presence of an unidentified ergoline-like compound, which we have 
designated substance Z (1, 2). In this paper we wish to report the purification 
of substance Z and its identification as the hitherto unknown iV-demethylchano- 
clavine-II. 

The biogenesis of ergot alkaloids (c/. 3, 4 for reviews) involves the transfer 
of an intact methyl group from methionine to the nitrogen atom derived from 
the amino group of tryptophan (5). The exact stage at which this methylation 
takes place has not been determined, but the fact that iV-methyltryptophan and 
iV-methyltryptamine are not intermediates in ergoline biosynthesis (6) suggests 
that it must occur between 4-dimethylallyltryptophan and chanoclavine-I, the 
first known methylated alkaloid in the pathway. We had tacitly assumed that 
the methylation takes place at the chanoclavine stage, since this would allow 
for participation of pyridoxal phosphate in the decarboxylation and formation 
of ring C (1), which would be mechanistically plausible and is supported by 
some circumstantial evidence (7). The data reported in this paper, however, 
indicate that 7V-demethylchanoclavine-I is not converted into tetracyclic 
ergolines by Claviceps strain SD 58. 

EXPERIMENTAL 2 

Chromatography (c/. 1).— The following solvent systems were used with 5 x 20 x 0.025 
cm Brinkmann Silplate 52 pre-coated silica gel plates or 20 x 20 x 0.05 cm activated silica gel G 
plates: AED, acetone-ethyl acetate-JV,iV-dimethylforrnamide (5:5:1); CMA, chloroform- 
methanol (9:1) in ammonia atmosphere; CTBA, chloroform- f erf -but anol (3:1) in ammonia 
atmosphere. Ehrlich's reagent (cf. 1) was used to visualize alkaloids on thin- layer plates. 
For recovery of alkaloids from tic plates, the bands were scraped off and eluted with acetone-2% 
succinic acid solution (2:1). The acetone was removed in a stream of nitrogen, the aqueous 
phase made alkaline with ammonia and the alkaloid extracted into methylene chloride. High 
pressure liquid chromatography was done on a DuPont 830 liquid chromatograph at 350 psi 
using an AAX column and borate buffer, pH 9.6, at a flow rate of 0.6 ml/min. 

Isolation of compound Z. — Claviceps species, strain SD 58 was grown in 100 ml shake 
cultures to an age of 15-20 days as described previously (8, 1). Culture filtrates assaying 50-80 
mg alkaloid per 100 ml were pooled in batches of 15 cultures, made alkaline to pH 11 with am- 
monia and extracted 7 times with chloroform or chloroform-isopropanol (3:1). The extracts 
from four such batches were combined and evaporated to dryness in a vacuum. The residue was 
dissolved in 2% aqueous succinic acid, the solution washed 3 times with methylene chloride, 

'Permanent address : Fchool of Pharmacy, American University of Beirut, Beirut, Lebanon. 

*Uv spectra were recorded on a Pcrkin-Elmer Coleman 124 spectrophotometer, ord spectra on a Cary 60 
ord/cd spectrometer, and mass spectra were obtained at 70eV and inlet temperatures of 130-200° on a Hitachi 
RMU-6 low resolution or a CEC 21-110 high resolution mass spectrometer. Radioactivity determinations were 
done by liquid scintillation counting in a Beckman LS-100 instrument using methanol as solvent and PPO + 
dimethyl POPOP in toluene as scintillator solution. Counting efficiencies were determined by the addition of 
internal standard. Radioactivity on chromatograms was located by scanning in a Packard Model 7401 radio- 
chroma togram scanner. The alkaloids were quantitated by eolorimetry using van Urk's reagent (cf. 1). 
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made alkaline with ammonia to pH 11 and extracted seven times with methylene chloride. This 
extract, which contained the alkaloids, was dried over anhydrous sodium sulfate, concentrated 
to 120 ml in a vacuum and left in the refrigerator overnight. The solution was then filtered 
through a fine sintered glass funnel to remove the crystallized elymoclavine, which was washed 
with 3 ml cold methylene chloride. The nitrate and washings were then passed through a column 
(2 x 75 cm) containing 100 g of AI 2 0 3 (Brockmann activity II-III) suspended in methylene 
chloride. The column was first eluted with methylene chloride containing 1% methanol until no 
more isochanoclavine-I could be detected in the eluate (1100-1200 ml or more). These fractions 
contain agroclavine, elymoclavine and isochanoclavine-I, as well as a large portion of the chano- 
clavine-II and a smaller portion of chanoclavine-I. The elution was continued with methylene 
chloride containing 10% methanol to give two more fractions. The first 1000 ml contained the 
bulk of chanoclavine-I, some chanoclavine-I I and substance Z and the following 1500-1800 ml 
had mainly substance Z and another compound of slightly lower Rf in the AED system. 
These two fractions were evaporated and streaked, respectively, on twenty -five and five 20 x 20 x 
0.05 cm silica gel G plates. The plates were developed twice in the AED system, allowing 
the solvent front to travel at least 15 cm. The band containing substance Z was scraped off and 
the alkaloid was eluted from the gel. This material was then rech rom at o graphed in the CMA 
system. At this point the alkaloid was chromatographically homogeneous. It had the following 
characteristics: MW 242.1430 (calc. for CuH tft N 2 0 (242.1419); uv, X max (MeOH) 223, 274, 
283, and 294 nm; ord, 031Onm -10,273 (MeOH); color with Ehrlich's reagent, grey, turning 
blue. 

Demethylation of chanoclavine-I. — Sixty-four mg of chanoclavine-I was dissolved in 
15 ml of anhydrous acetone under nitrogen, 200 mg of diethylazodicarboxylate in 10 ml absolute 
ether was added and the mixture was refiuxed under nitrogen for 12 hours. The reaction mixture 
was partitioned between ether and 2% aqueous succinic acid, the aqueous phase was made 
alkaline with ammonia and the alkaloid extracted into ether. The crude material (40 mg, con- 
sisting mainly of TV-demethylchanoclavine-I and unreacted starting material) was chromato- 
graphed on a small column of 5 g of AUO3 Brockmann, which was successively eluted with chloro- 
form, chloroform with 2% methanol and chloroform containing 10% methanol. Demethyl- 
chanoclavine-I, together with small amounts of chanoclavine-I, was eluted with the latter solvent. 
It was further purified by chromatograph ing it twice on preparative tic plates in the CMA system 
to give 3 mg of chromatographically homogeneous material, which showed the following char- 
acteristics: MW 242.1413 (calc. for C,sHi«N 2 0 242.1419); uv, X max (MeOH) 223, 273, 283, 
and 293 nm; ord, £310nm -3,255 (MeOH); color with Ehrlich's reagent, grey, turning blue. 

Demethylation of dihydroblymoclavinb. — Five mg of dihydroelymoclavinc (9) in 1 .5 ml 
acetone and 15 mg diethylazodicarboxylate in 1 ml ether were mixed, left at room temperature 
under nitrogen overnight and then refiuxed for one hour. After the usual workup, the reaction 
product was compared chromatographically with substance Z in the CMA system. It con- 
tained in addition to unreacted starting material (Ry 0.39), a new compound {Rf 0.14) which 
clearly differed from substance Z {Rf 0.34). 

Methylation of /v-demethylchanoclavine-I and substance Z. — One-half mg of N- 
demethylchanoclavine-I or substance Z was dissolved in 1 ml methanol and stirred with 5 drops 
of methyl iodide on a hot plate stirrer at 40° for 30 to 60 min. The mixture was then concentrated 
and aliquot s were spotted on 5 x 20 x 0.025 cm precoated silica gel plates along with reference 
alkaloids chanoclavine-I, chanoclavine-I I and isochanoclavine-I. The plates were developed in 
the CMA or CTBA systems. The reaction mixtures contained in varying proportions unreacted 
starting material, the monomethylation product and the dimethylation product. The conversion 
products from iV-demethylchanoclavine-I co-chromatographed with chanoclavine-I and JV- 
methylchanoclavine-I, the conversion products from substance Z differed from these two ref- 
erence compounds and from isochanoclavine-I, but the major one of them clearly co-chromato- 
graphed with chanoclavine-H. 

Preparation of jv-demethylchanoclavine-I-17-t. — Fifty-five mg of chanoclavine-I- 
aldehyde (10) was dissolved in 4 ml methanol which had been freshly distilled over NaBH 4 . 
The solution was cooled in an ice bath and tritiated NaBH 4 (25 mCi, 502 mCi/mmole) was 
added as a solid, using some of the solution to rinse the ampule. After 90 min. at 10°, 10 mg 
of cold NaBHi were added and the solution was left for another hour. The reaction mix- 
ture was worked up by removing the methanol in a vacuum, partitioning the residue be- 
tween ether and water, washing the ether layer twice with water, followed by drying with 
N82SO4 and evaporation of the ether. The residue was chromatograph ed on a column of 
6g of AI2O3 (Brockmann) which was eluted first with CHCI3 and then with CHClj containing 2% 
methanol. The latter solvent eluted chromatographically pure tritiated chanoclavine-I (45 mg, 
4mCi). Eleven mg of this material was dissolved in 10 ml dry acetone and refiuxed with 40 mg 
diethylazodicarboxylate in 10 ml abs. ether for 10 hours under nitrogen. When tic of the reaction 
mixture showed less than S% demethylation product to be present, another 40 mg of diethyl- 
azodicarboxylate was added and re fluxing under nitrogen was continued for another 4 hours. 
At this time considerable decomposition was evident by tic and the reaction mixture was worked 
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up by evaporating the solvent and partitioning the residue between ether and 2% succinic acid 
solution. The aqueous phase was made alkaline with NH 4 OH and extracted with 7 x 15 ml 
ether. The extract was dried over Na 2 S(X, concentrated and chromatographed on seven 5 x 20 x 
0.025 cm precoated silica gel plates in the CMA system, Elution of the iV-demethylchanoclavine-I 
band gave 1.5 mg (18 ^Ci) of material which according to analysis by radiochromatography still 
contained about 1% tritiated chanoclavine-I. A portion of this material (6.8 mCi) was rechro- 
matographed in the same way to give 2.5 fid °f pure TV-demethylchanoclavine-I-17-T, which 
contained less than 0.1% of radioactive contaminants. 

Feeding experiment— iV-DemethylchanocIavine-I-17-T and chanoclavine-I-17-T (spec 
act. 23 mCi/mmole, 1.67 pCi and 1.55 fid t respectively) were each dissolved in 1 ml 2% aqueous 
succinic acid, filtered through a millipore filter and added each to one 5-day-old 100 ml shake cul- 
ture of Claviceps strain SD 58. After incubation for another 5 days the cultures were harvested, 
the alkaloid titer was determined and elymoctavine was isolated by column chromatography and 
purified by recrystallization from methanol as described previously (8). In the 7V-demethyI- 
chanoclavine-I experiment, the specific activity of elymoclavine after the 2nd, 3rd and 4th 
crystallization was 111, 81 and 68 dpm/mg, in the chanoclavine-I experiment the figures after the 
3rd, 4th and 5th crystallizations were 3630, 3120 and 3200 dpm/mg. 

Uptake experiment.— tf-Demethylchanoclavine-I-17-T (1.35 yC\) was fed to one 5-day-old 
shake culture of strain SD 58. The flask was returned to the shaker and part of the culture (41 
ml) was harvested 2 hours later, the rest (47 ml) after 5 hours. The mycelia were filtered with 
suction, washed throughly with water, weighed, frccze-dried, weighed again and each soaked 
overnight with 10 ml of methanol. After centrifugation, an aliquot of the methanol solution 
was counted for radioactivity. It was found that after 2 and 5 hours, 3.6^ and 3.1% of the total 
added radioactivity resided in the mycelium. From the difference of mycelial fresh and dry 
weight the amount of intracellular fluid can be estimated (3.4 ml) and from this figure and the 
total culture volume (89 ml) it follows that upon complete equilibration of the labeled material 
between intracellular and extracellular fluid about 3.9% of the total radioactivity should reside 
in the mycelium. 

RESULTS 

Substance Z was obtained in a variety of radioactive feeding experiments 
with Claviceps spec, strain SD 58, as an Ehrlich-positive material of usually 
lower Ry value than the chanoclavines (1, 2). Analyses of the samples obtained 
in these biosynthetic experiments indicated that the compound incorporated 
radioactivity from tryptophan- G- 3 H and mevalonate-2- u C and that the proAR 
and pro-SS hydrogens, but not the pro-SR hydrogen, of mevalonate were 
retained in its formation. This pattern of biosynthetic labeling conforms to 
that of the common tricyclic and tetracyclic clavine alkaloids (1, 2, 11). For 
the elucidation of its structure, substance Z was isolated preparatively from 
cultures of Claviceps strain SD 58 by removal of the bulk of the elymoclavine 
from the alkaloid extract, column chromatography on alumina followed by 
preparative tic on silica gel as described in the experimental section. This 
procedure gives about 1-2 mg of chromatographically pure, non-crystalline 
material from sixty 100-ml cultures. 

The uv spectrum (Xmax (MeOH) 223, 274, 283 and 294 nm) shows the 
presence of an unconjugated indole chromophore. The molecular formula 
Ci 3 H lfJ N<>0 followed from the high resolution mass spectrum, which indicated 
a molecular weight of 242.1430 (calc. 242.1419). The mass spectrum (Figure la) 
showed strong peaks at m/e 154, 167, 169 and 182, typical of tricyclic and 
tetracyclic ergolines. The absence of an M-l peak and the presence of strong 
peaks at M-18 and M-19 (m/e = 224, 223) closely parallels the fragmentation 
pattern observed for chanoclavine-1 (Figure lb). Thus it was considered that 
substance Z might be a homolog of the chanoclavines lacking the iV-methyl 
group. As another possibility, an W-demethyl-dihydroelymoclavine would also 
fit the observed molecular formula. However, the mass spectral fragmentation 



EXPLANATION OF FIGURE 1 

Fig. 1. Mass spectra of (a) substance Z (N-demethylchanoclavine-lI), (b) chano 
clavine-I (c) N-derrtethylchanoclavine-I and (d) dihydroelymoclavine. 



Material may be protected by copyright law (Trtte 17, U.S. Code) 



[vol. 36, no. 4 

her and 2% succinic acid 
:xtracted with 7x15 ml 
jraphed on seven 5 x 20 x 
/-demethylchanoclavine-I 
adiochromatography still 
-ial (6.8 juCi) was rechro- 
anoclavine-I-17-T, which 



ianoclavine-I-17-T (spec. 
>lved in 1 ml 2% aqueous 
day -old 100 ml shake cul- 
e cultures were harvested, 
jmn chromatography and 
8). In the iV-demethyl- 
:r the 2nd, 3rd and 4th 
tment the figures after the 

) was fed to one 5-day-old 
nd part of the culture (41 
mycelia were filtered with 
d again and each soaked 
of the methanol solution 
.6% and 3.1% of the total 
)f mycelial fresh and dry 
1 from this figure and the 
on of the labeled material 
adioactivity should reside 



: feeding experiments 
'e material of usually 
' the samples obtained 
mpound incorporated 
and that the proAR 
of mevalonate were 
labeling conforms to 
iloids (1, 2, 11). For 
d preparatively from 
k of the elymoclavine 
alumina followed by 
mental section. This 
pure, non- crystalline 

1 294 nm) shows the 
le molecular formula 
rum, which indicated 
5 spectrum (Figure la) 
pical of tricyclic and 
the presence of strong 
lels the fragmentation 
it was considered that 
lacking the TV-methyl 
^moclavine would also 
spectral fragmentation 



>c/avj'ne-//), (b) chano- 
oelymoclavine. 



DECEMBER 1973] CASSADY ET AL.; DEMETHYLCH ANOCLAVI NE -II 

8- 



8- 






8"s 



o 



Material may be protected by copyright law (Title 17, U.S. Code) 



394 



Lloydia 



[VOL. 36, NO. 4 



pattern of dihydroelymoclavine differs considerably from that of substance Z 
(Figure Id). 

In view of the small amount of substance Z available we attempted to estab- 
lish a correlation by demethylation of known alkaloids. Fehr (12) has shown 
that diethylazodicarboxylate can be used to effect the removal of methyl groups 
from tertiary and secondary amines in the clavine series. Use of this method 
with dihydroelymoclavine and chanoclavine-I under slightly more vigorous con- 
ditions gave in each case a new product of lower R F value. The material from 
dihydroelymoclavine clearly differed in chromatographic mobility from sub- 
stance Z, but the demethylation product from chanoclavine-I co-chromato- 
graphed with substance Z on tic in the two solvent systems used and in high- 
pressure liquid chromatography. This reaction product was purified and the 
assumption that it was W-demethylchanoclavine-I was confirmed by its uv and 
mass spectra and by remethylation to chanoclavine-I. Whereas the chromato- 
graphic mobilities in many systems and the overall mass spectral fragmentation 
patterns of 7V-demethylchanoclavine-I and substance Z were essentially identical, 
a detailed comparison of the mass spectra of the two compounds run under 



Solvent 
front 



Origin 
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CMA Svstern 



,GTBA System 



Fig. 2. Chromatographic comparison of the methylation products from substance 
Z and N-demethylchanoclavine-I with the chanocJavine isomers. A: chano- 
clavine-I; B: methylation product from N-demethylchanoclavine-I; C: N- 
methylchanoclavine-I; D: chanoclavine-I I, chanoclavine-I and isochano- 
clavine-I (in order of increasing Ry); E: chanoclavine-I I; F: methylation pro- 
duct from substance Z. 

identical conditions (Figure la and c) revealed significant differences in the 
relative intensities of the various peaks. This indicated that the two compounds 
were very closely related but not identical, suggesting the possibility that they 
might be stereoisomers. This notion was further supported by the ord spectra, 
which showed negative plain curves. The molecular rotation of substance Z 
(031Onm= -10,273, MeOH) relates to that of tf-demethylchanoclavine-I 
(<£310nm= -3,255, MeOH) in about the same way as that of (-)-chanoclavine- 
II (<f>312nm= - 15,100, pyridine) (1) to that of chanoclavine-I (<f>310nm = -3,960 
pyridine), and thus we concluded that substance Z was probably (-)-tf-de- 
methylchanoclavine-H. This conclusion was proven to be correct by methyla- 
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tion of substance Z and chromatographic comparison with all the known chano- 
clavine isomers (Figure 2). 

Further experiments dealt with the question of whether the iV-demethyl- 
chanoclavines might be intermediates in the formation of tetracyclic ergolines. 
An early experiment with biosynthetically tritiated substance Z had shown 
that it was not efficiently incorporated into elymoclavine, which is not surprising 
in view of its stereochemistry and in view of the fact that ( — ) -chanoclavine-I I is 
not a precursor of tetracyclic ergolines (2). iV-Demethylchanoclavine-I on the 
other hand could well be a precursor of chanoclavine-I and hence of the tetra- 
cyclic ergolines. To test this point we prepared a sample of 7V-demethylchano- 
clavine-I-17-T by demethylation of chanoclavine-I- 1 7-T available from earlier 
experiments (10). This material was purified chromatographically to radio- 
chemical homogeneity and particular care was taken to ascertain the virtual 
absence (<0.1%) of unreacted chanoclavine-I-17-T. A sample was then fed 
to a 5-day-old shake culture of Claviceps strain SD 58 and a sample of chano- 
clavine-I-17-T was fed to a parallel culture. Five days later these cultures 
were harvested, elymoclavine was isolated from the extracted total alkaloids by 
column chromatography on alumina in the usual way (8) and recrystallized from 
methanol to constant specific radioactivity or until the material had been used up. 
As shown in table 1, in the experiment with chanoclavine-I-17-T the elymoclavine 



Table 1. 



Incorporation of chanoclavine-I and N-demethylchanoclavine-I into 
elymoclavine by Claviceps species, strain SD 58. 





Precursor fed 




Chanoclavine-I- 1 7-T 


iV-DemethylchanocIavine-I- 1 7-T 


Radioactivity fed 


3.41 x 10« dpm 


3.68 x 10« dpm 


Amount of alkaloid formed 


46 mg 


50.5 mg 


Total radioactivity of elymoclavine. 


1.47 x 10* dpm 


3.44 x 10 3 dpm 




4.3% 


0.1% (max.) 



after 4 recrystallizations had a constant specific radioactivity corresponding to 
4.3% incorporation. This is as expected on the basis of earlier findings (10) 
that one half of the tritium from C-17 of chanoclavine-I is incorporated into 
C-7 of elymoclavine. In the experiment with TV-demethylchanoclavine-I-17-T, 
the specific radioactivity of elymoclavine was not constant after 4 recrystalliza- 
tions, when the material was used up. At that point it corresponded to an in- 
corporation of less than 0.1%, indicating that 7V-demethylchanoclavine-I-17-T 
was not converted into the tetracyclic ergolines. Another feeding experiment 
produced similar results. Since the negative outcome of a feeding experiment 
with intact cells may simply be due to impermeability of the cell membrane to 
the substrate, we carried out an uptake experiment. A culture was incubated 
with iV-demethylchanoclavine-I-17-T and at several times portions of the 
mycelium were carefully washed and assayed for radioactivity. This experi- 
ment showed that after 2 hours 3.6% of the added substrate was located in the 
mycelium, which is close to the calculated value (3.9%) for complete equilibra- 
tion between intracellular and extracellular fluid. 

DISCUSSION 

The work reported here shows that a new minor alkaloid isolated from 
Claviceps strain SD 58 is the W-demethyl analog of ( — )-chanoclavine-II, 
which itself has been isolated before from rye ergot (13) as well as from Claviceps 
strain SD 58 (1). This finding raises the question as to where this and possibly 
other norchanoclavines stand in the overall picture of ergoline biosynthesis, i.e., 
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are such norchanoclavines precursors of the chanoc lavmes or are they derived 
from them by demethylation? There is considerable evidence that Claviceps 
is capable of demethylating N-methylated bases in the tryptophan and clavine 
series (6 14) and, in fact, a few iV-nor derivatives of clavine alkaloids have 
been obtkined from Claviceps or related fungi (15, 16). These demethylations 
seem to be fairly nonspecific and are carried out by such enzymes as peroxidase 
(3 17) The ability of Claviceps to methylate specific compounds of this type, 
on the other hand, is less well documented (18), but the biosynthesis of ergolines 
must, of course, involve an AT-methylation at some stage (5). On mechanistic 
grounds we had assumed that this methylation takes place at the norchano- 
clavine stage (1). However, the feeding experiment with 7V-demethylchano- 
clavine-I-17-T does not seem to bear this out since this compound was not 
incorporated into elymoclavine Although as a rule negative results of feeding 
experiments have to be interpreted with caution, there is good reason to believe 
that this finding is significant and indicates that JV-demethylchanoclavine-I is 
not an intermediate in ergoline biosynthesis. Most other possible explanations 
for the negative outcome of the feeding experiment can be excluded. For ex- 
ample, failure of the precursor to enter the cells can be ruled out on the basis of 
the uptake experiment. Alkaloid was actively synthesized during the time of 
the feeding experiment, as evidenced by the incorporation of chanoclavine-I-17- 1 
in the parallel culture. Loss of the tritium label during or prior to the methy- 
lation is not only highly unlikely, but can also be excluded because one atom ^ot 
deuterium from mevalonic acid-3'-D 3 is incorporated into elymoclavine (M. 
Tcheng-Lin, C. -j. Chang and H. G. Floss, unpublished). We thus conclude 
that the methylation of the amino nitrogen in the biosynthesis of ergoline alka- 
loids does not take place at the stage of W-demethylchanoclavme-I but either 
prior to the formation of ring C or at the stage of an as yet unknown product of 
C ring formation. By analogy it seems probable that the ^-demethylchano- 
clavine-II isolated in this study represents not a precursor but a demethylation 
product of chanoclavine-II. 
Received 21 May 1973. 
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3HAeHTa AKaAeMHH HayK ^ 
eHHHCKofi h rocyAapcTpgu^ 
OBJieHHe H pa3BHTHe B^R 
i. EoJibiuoe BHHMaHHe K) 

pHMCHCHHH ^THMCeHH^ 

":HHbix npehapaTOB Terikq 
hijhhckhx npenapaTOB. \ ; 
ikob, MOJieKyjiapHbix 6ho^ 
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nPHKJIAflHA* KHOXHMgjJlMH KP0EH0JJ 0rMji 



TOM 27 



,99, - BMa > 



yflK 547.94:582.282.123.2 

" "" «r BHHOKyPOBA, T.A. PmEmJIOBA.B.H. AM*** AT. KOWOBCK** 

Km^BCB^HcaxHMnoxeHiflW^ HeflocxaTOHHO noirao. 

OflHaKO cocraB mhkotokchhob y 3thx rpH6oB »™lf*™ pas*™* uixaMMOB 
HMeioxcM P a3o6meH HM e, oxphbohhhhi "won ° ;° oco6 « oc ™ c P ne a30TCOfle p>KamHe 1 
3thx bhaob cHH^HpoBax* » eK0 ™P M ^^^ oGh^m 

k Liiowm, y />: jw«aw BKM F-3088 uP. oxahcum BKM. F-478. 
\^ 3KOIEPHMEHTAJIbHAa MACTb 

N MeTOffmca 
3aceB KVJibxyp Penicillium palitans BKM F-3088 h Penicillium oxalicm 
BKM F^478 npoBOAHJiH cnopaMH. h BWBanH jih6o 7^^^80^^0o'o^/i!ihb^ 
b KanaJioHHbix KOJioax o6i,eMOM 750 mji co 150 mji cpeflH npa 24 h 180-200 o6/mhh, 

cpe^ ManeT- floxca (r,„: caxaposa - 30 ^-2, 1 MgSO^, 
'FeSG4 — 0,01, ffpo*»ceBoii s^aKX— H?M,JMf§^f^^^% n . 7 hvO ^ 0 5- 
(f/ji: nuoKo 3 a - 50, nenxoH - 10, coeBa* Myica - 5, KN0 3 - 2, MgS0 4 -7H 2 0 ., 0,3, 

Ca B^7ne™^L^UoB H3 *H„,xpaxa Ky^xypa^HOH p ^ 

n pOBSH J iH3KCTpaKm.eii XJIOpO^OpMOM^ BHHHOa KHCHOXOH ^ <H» pgeW 

a-UHK^onHaaoHOByK, wry (a-UHK) B^«no Me ™£™ e 
npenapaxHBHOH xohkocjiohhoh xpoMaxorpafcHefi (TCX) b J™ 1 ?^ 
MpOH • 25%-Hwii NH4OH (85:15:10) h sjiioHpoBanH c HOCHxejw sxaHOJioM. 

3 yH K03*4)HimeHX mojih P hoh skcxhhkijhh (pecxymiaBHHa [8]. KojiHHecxBO a u,n 
""gSS^^oSSH-t npoBO^H no hx xpoMaxon>a*H,ecKOH noflBH*HOC« 
H a ScxS CHny^a y*?254 <<Kavalier>> C*<^_ "P^.,^ 
CHCh • MeOH : 25%-hhh NH 4 OH (90:10:0,5 - II, 90:10:0,3 - III, 90.10.0, 1, » 
80 20-0 2 - V) PweHHMe BemecxBa o6Hapy*HBaJiH b BHfle nornomaiou^ 
X y^oVn*™ ™* b BIW e OKpameHHB.x 3 oh npcne onpucKHBaHHH peaKXHBOM 
SpjiHxa. i 
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MHKPOEHOJIOrHJI 



\ AMAHHH, AS. K03J10BCKH8 \\ 

TO COCTABA TPHBOB 
ICHLIUM qXALICUM 

nicillium palitans h Penicillium 
tOHAw: <J>yMHraxjiaBHH A, <}>yMH- 
HOKJiaBHH-l, a TaKMce AHnenTHA- 

HH H a-I|HKJI0nHa30H0ByK) KHCJIO- 

ax KyjibTyp Ha6jiK>Aajiacb npH 

XHOCTHOM BbipamHBaHHH. 

n oxalicum othochtca k HaH6ojiee 
ameBbix ripoAyKTOB [1], npeflCTaBjia- 
. jvisi 3Aoposbfl MenoBeKa h hchbothhx. 

B HCCJie/JOBaH HeAOCTaTOHHO nOJIHO. 
O CnOC06HOCTH pa3JIHHHMX IUTaMMOB 

CHHbi, b tom MHCJie a30TC0Aep>kaiiuie, 
iiiTaMMOB P. palitans o6Hapy»eHbi 
nbHbie iiiTaMMbi P. oxalicum H3BecrHbi 
5HA0B oKcajiHHa h poKeiopTHHa [4]. 

aiUHX MHKOTOKCHHOB, OTHOCMJtHXCH 

xalicum BKM F-478. 

lACTb 



F-3088 h Penicillium oxalicum 
mHBajiH jih6o rjiy6HHHbiM cnoco6oM 
mji cpe^bi npH 24° h 180—200 o6/mhh* 

ecKyio cpefly A6e [5], KOMiuieKCHyici 
1NO3 — 2/K2HPO4 — 1, MgS0 4 — 0,5, 
,3), KOMnncKCHyio cpefly c.;CoeBoii' MyKOfi 
. — 5, KNO3 — 2, MgS0 4 -7H ? 6 - 0,5; 

iTypajibHOH acHflkpcf h hl H3 MHijejiHk 
oh khcjiotoh, KsiK onncaHo paHee [6]. 
pjiajiH no MeTOAHKe [7]; oHHmariH 
efi (TCX) b cHCTeMe I: 3THJiaqeT^|: 

BaJIH C HOCHTeJIfl 3TaHOJ!OM. ^ 
iHJIH CIieKTp O <|) OTOMCTpHHeCKH, HCnOJIb^ 

:TyKjiaBHHa [8]. Kojihhcctbo a-U,ITK 

HX.xpoMaTorpa^HHecKOH no abh>khocth 
er>> (HCCP), npoHBJiHH b chctcmc 
— II, 90:10:0,3 — III, 90:10:0,1 — IV, 
HapyxcHBajiH b B*me norjiomaioiiJ(HX 

C 30H nOCJie OnpblCKHBaHHJI peaKTHBOM 



JJjin nojiyHeHHfl Y#- h m acc-cne KTp o b HHAHBHflyajibHwe ajixaJioHAbi buacjihjih 
M eTOflOM npenapaTHBHofi tohkocjiohhoh xpoMaTorpa4>HH Ha njiacTHHKax ciuiy4>ojia. 
BemecTBo c hochtcjih 3JiiOHpoBajiH cMecbio pacTBopHTejia CHCb : MeOH (1:1). 

CnexTpw norjiomeHHrf ajiKajioHAOB b Y<D-o6jiacTH perHCTpHpOBajiH Ha cnexTpo- 
AotoMeTpe «Beckman DV8V» (CUIA). c , , ■ mT 

Macc-cneirrpbi MCTa6ojiHTOB noJiyneHbi Ha Macc-cnexTpoMeTpe «Finnigan mai 
8430» (*Pr) c Hcnonb30BaHHeM npaMoro BBO^a o6pa3i*a b o6jiacTb HomwaqHH. 
TeMnepaTypa HCTOHHHxa hohob 250°; TeMnepaTypa ncnapeHH* o6pa3i*OB 50—200 . 

Amhhokhcjiothmh cocTaB AHiienTHAa onpeAeJiarra Ha aHajnnaTope aMHHOKHCJiOT 
«Biotronik LC60Q0E» (OPT)- HK-cneKTpM o6pa3AOB cHHMajiH Ha cnexTpoMeTpe 
FTIRR 1710 «Perkin-Elmer» (CUIA). 

HcnojibsoBaHHwe b pa6oTe b KanecTBe cBHAeTejiefi 4>ecryKJiaBHH h H30$yMH- 
raxjiaBHHW A h B BHAeJieHM paHee H3 xyjibTypw P. roqueforti [10]. XaHOKjiaBHH- 
H arpoKJiaBHH nojiyneHbi H3 KyjibTypajibHofi khakocth C/av/ce^ sp., HBOM-F^Ol 
[11], KOCTaxjiaBHH h 3nHKOCTaKJiaBHH — H3 KyjibTypbi P . gorlenkodnum HBOM 
Ft201 [6], a-IIJIK — H3 P. cyclopium[\2\ , ^ 

OyMHraKJiaBHHbi A h B bhacjuuih H3 $HjibTpaTa KyjibTypajibHOH hchakocth 
(ft) ji) 27-cyTOHHofi KyjibTypw P. palitans, BMpameHHoii npn noBepxHOCTHOM 

KVJIbTHBHpOBaHHH Ha Cpefle C COeBOH MyKOS. AilKaJIOHflW H3BJieKaJIH 3KCTpaKUHeg 

xjiopo$opmom [6]. npeABapHTejibHoe AeJieHHe cMecn (okojio 200 Mr) Ha oTflejibHbie 
KOMnoHeHTbi ocyiAecTBjiHJiH xpoMaTorpa^HHecxH Ha kojiohkc 2,6 X 24 mm, sanoJiHeHHOH 
ce^aAexcoM LH-20 (60 r). B KanecTBe 3AioeHTa acnojib30BajiH CMecb pacTBopHTejieH 
XJiopo$opM:reKcaH (6:4). KoHTpojib 3a pa3AeJieHHeM nppBOAHJiH mctoaom TCX 
B - CHCTeMe III. OpaxuHH, coAep»caiAHe $yMHraKJiaBHHW, ynapHBajra h no^BeprajiH 
AaJibHefiniefl ohhctkc Ha CTexjiHHHWx iuiacraHKax c CHJiHKarejieM LSL 5/40 mkm 
(HCCP) b CHCTeMe II. BHAeneHHwe OyMHraKJiaBHHbi A h B nepekpHCTajuiH30BbiBajiH 
H3 BOAHoro MeTaHOJia. 

Pe3yjibTaTM h hx o6cy«AeHHe 



: HsBecrao, hto xyjibTypa P. palitans NRRL 3468, BbmeJieHHaa H3 KOMMepnecxoro 
Kopka, HBHJiacb npHHHHoff cMepTH 3KHBOTHMX b pe3yjibTaTe OTpasjieHM TpeMopreH- 
hmmr MHKOTbxcHHaMH [2,3]. H3 MHAejiHH rpn6a, BbipameHHoro H a cpeAe Hanexa — 
floKca c APo»c»eBMM axcTpaxtOM (0,5%) b bTauHoftapHMx ycjioBrax, 6hjih BMAejieHH 
TpeMOpTHHbi A, B, C h BHpHAHKaTHH. HsyMaeMaH HaMH KyjibTypa rpn6a P. palitans 
BKM-3088, BbipameHHaa b aHandrHHHhix ycjiOBHHX, He npoAyAHposajia cKOJibKp- 
HH(5yAb 3aMeTHbix kojiHHecTB yxa3aHHMx mhkotokchhob, ho o6Hapy»cHJia cnoco6HOCTb 

CriHTe3HpOBaTb ' KJiaBHHOBbie ajncajiOHAw. ' „ 

f Pjix BbiAejieHHfl ahxajiOHAOB Hcnojib30BajiH 15-cyroHHbifl mhachhh, „ BbipameHHbiH 
B^cTai^HOHapHbix ycjioBHax Ha cpeAe C COeBOH MyKOH. IIpeABapHTejibHbiMH onwraMH 
yc-raHOBjieHO, hto hmchho b 3thx ycjiOBHHX HaxaiuiKB ajiocb t Han6 o jibiiiee ; xp jihh^ctb o ^ ^ 
aiikaJiOHAOB. 

i IIo AaHHMM TCX, 3KCTpaxT H3 pa3pyuieHHoro Ae3HHTerpauHeii mhacjihh coAep^caji b 
ochobhom ceMb MeTa6ojiHTOB, AawmHX cneAH^HHecKyio okpacKy c peaxrHBOM SpjiHxa 
(p H c. 1). Ilpn pa3AeJieHHH CMecn Ha pTAeJibHbie KOMnpHeHTw mctoaom, npenapaTHBHofi 
TCX B CHCTeMe V 6wjio .o6Hapy«eHO eu^e oaho coeAHHeime ajixajioHAHofi iipHpoAM, 
npncyTCTByioH^ee b 3KCTpaxTe b 3HaHHTejibHO * MeHbiiiHX KOJimecTBax, neM ocHOBHwe 
k pMno He HTbi (Ha xpoMaTorpaMMe oho pacnojio»ceHo Me»CAy 2-m h 3-m coeAHHeHHHMH). 
OxoHHaTejibHyio pHHCTKy ajixajioHAOB ocymecTBnajiH noBTopHOH npenapaTHBHofi 
xpoMaTorpa^aefi b CHcreMax II— V. 

| Ha ocHbsaHHH $H3HKo~xHMHHecKHx xapaxTepHCTHK h xpoMaTorpa^HHecxofi noABH*- 
hocth BbmejieHHbie Meta6ojiHTW 6buiH HACHTH^HAHpOBaHw xax (JjyMHraxjiaBHH 
A (1), npoJiHJiBajiHJiAHKeTonHnepa3HH (2)^ arpoxjiaBHH (3a), nHpoxjiaBHH (3), <j>ectyKJia- 
bhh (4), 4>yMHraxjiaBHH B (5), a-II,nK (6) h xaHOKJiaBHH-l (7) (Ta6ji. 1). 

1 IIojiyMeHHbie ajih 3Thx coeAHHeHHH Macc-cnexTpw (Ta6ji. 1) h YO-cneKTpbi 
cpoTBeTCTByioT HMeioiAHMca b jiHjepaType ^[8— 10,13]. CoxpoMaTorpa$iw 4»ecTyxjiaBH- 
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Phc. 1 



Phc. 2 



„ p M /i WnJ (I) h P. oxflHoim (II), Bbipamemh 

PHC. 1. TCX CMCCH aJlKaJIOHflOB H3 rpH60B J^JJ^ KyjitxHBHpOBaHHH. CHClM 

CHqU : ?°%2Sf - *^a.HH B; 5 - a-miK, 7 - xana^-! 

nepa3HH, 3 — impoicjiaBHH, * j . nur\ • MpOH * 25%-hS 

pI 2 . TCX — J—-^*' r-^nS^ ^ocJ^ 

BHH, 2 — $eCTyKJiaBHH 



oTi ^ MaY TT _v h a-IIIIK b cHCTeMe I c 3aBeflpMQ 

K==5£S^^ k OTO | 

BHHOB H COOTBCTCTBOB&JM1 ^^^^ 00^^ C HK-CHeKXpag 

raKJiaBHHOB A h B [14]. HK ^° eK *P" eHH g [91 TeMneparypa nJiawieHH 

npHBefleHHMMH b jmrepaxype w sthx ^fi^g}^ ^yLraKJiaBHHa b| 

n P HBefleHHOHBWpaType WM nHpoKJ.aBraall4L 

CoeflHHeinie 2, HecMoxpa na to, hto c P e ^*°* J y<^m,anai! 

rojry6oT oKpaniHBaHHe, He 06^0 BaMexHHM, nornomeHHew YQ> flH || 
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Phc. 2 

(I) h P. oxalicwn (II), BbipameHHux] 

LHOCTHOM KyjIbTHBHpOBEHHH. CliCTeMaf 

aiaiaBHH 'A, 2 — npojiHJiBanariflHKc ronH-| 
iaBHH B;6 — a-IJIIK, 7 — xaHOKJiaBHH-jf 

M) b cHCTeMe CHC1 3 : MeOH : 25%-Hwfij 

— 3IIHKOCTa&naBHH, 4 — KOCTaKJiaBHH;] 
IOHflOB, 6 — 3IIHKOCTaKJIEBHH + KOCTaKJial 



h a-IJIIK b CHCTeMe I c 3aBeAOM0j 

t» 3THX COeAHHeHHH. 

I 1 h 5, Macc-cneKTpw KOTopulI 
ipy»eHHHM paHee y P. roquefortjl 
:koh noflBffiKHocTH H3o4>yMHraKjia3| 

nOflBH)KHOCTH H30MepHfaIX ^Y^M 

»K) coana^ajiH c HK-cneKTpaMHl 
ihh [9], TeMnepaTypa njiaBJieHHfll 
\ 84—85°), 4>y MHr aKJiaBHHa B 
noABHXCHOcrb coe^HHeHHH 3 c mojiI 

nOABHXCHOCTH KOH(j)OpMaiJHOHHbi:3 

naBHHa (phc. 2) h cooTBeTCTBOBajial 

thbom 3pjiHxa AaBajio 6ne#H(l 
i nomoiqeHHeM b YO-AHana30^ 



Macc-cneirrpw MCTa6o jihto b P. palitans 3088 



TadAwja 1 



MeTa6ojiHT 



m/z (oTHocHTejibHaa hhtchchbhocti>, %) 



JIirrepaTyp- 

Hblft HCTOH- 
HHK 



1 OyMHraKJiaBHH A 127(13), 144(31), 154(68), 155(20), 167(29), 168(22), 

180(35), 195(25), 207(13), 223(17), 237(47), 239(100), 
255(18), 298(43, M 4 ), 299(9) , 

\ . - 

2 npojiHJiBajMUiAH- 39(14), 41(30), 43(17), 55(18), 70(100), 72(28), 97(9), 
KeTomraepaaHH 110(8), 125(25), 138(6), 154(80), 155(8), 194(14), 

196(4, M*) 

3a ArpoKJiaBHH 127(5), 140(5), 154(9), 155(4), 167(8), 181(1), 192(5), 
196(7), 223(11), 237(100), 238(65, M*), 239(11) 

3 IlHpoKJiaBHH 127(9), 144(22), 154(17), 155(6), 167(13), 168(10), 

181(5), 182(8), 183(6), 197(23), 198(5), 223(7), 225(10), 
239(15), 240(100, NT), 241(18) 

4 OecTyKJiaBHH 127(8), 144(22), 154(15), 155(6), 167(10), 168(9), 

181(5), 182(9), 183(6), 197(21), 198(5), 223(5), 225(9), 
239(14), 240(100, M*), 241(18) ^ . , 

5 OyMHraKJiaBHH B 127(25), 140(13), 144(22)^ 154(72), 155(26), 167(18), 

168(33), 181(17), 182(16), 192(7), 196(13), 197(16), 
210(20), 213(10), 223(10), 239(85), 240(16),. 255(15), 
256(100, M*), 259(19) 

6 XaHOKJiaBHH-1 144(12), 154(81), 155(58), 167(73), 168(55), 196(19), 

206(14), 223(11), 237(47), 238(23), 256(53, M 4 ), 257(10) 

7 \ a^Hmionnaao- 70(46), 127(16), 154(63), 155(41), 167(13), 181(57), 
hob an KHCJioTa 182(100), 196(55), 336(75, M 4 ), 337(19) 



[9, 19] 

[15] 

[20] 
[20] 

[10] 

[9] 

120] 
[9] 



||20 — 350 hm), xapaKTepHOM ajih aproajiKaJioHAos. B Macc-cneKTpe MeTa6ojiHTa 
_| (Ta6ji. 1) Hapjmy c iihkom MOJieicyjiHpHoro HOHa m/z 196 npHcy tctb ob ajiH 
EkfeHCHBHwe iihkh c m/z 154 h 70, xapaxTepHbie ajm AHKeToniinepa3HHOB, corjepxcauuix 
iponHH [15]. IIo AaHHHM aMHHOKHCJiOTHoro anajiH3a, b cocraB m eTa6 OJIHTa 
bxo^ht ABe aMHHOKHCJioTbi — npojiHH h BanHH. B HK-cneKTpe, chhtom B ( KBr, o6Ha- 
IgyxceHa nojioca nofjibiiiieHH£ npH 3210 cm" 1 , xapakTepHas fyiA BajieHTHwx KOjieGakM 
JfH-rpynnw BTOpHMHoro aMHfla. HHTeHCHBHue nonocbi norjiomeHHH npH 1675 h 
j|>50 (mieno) cm" 1 yKa3MBaioT Ha npHcyTCTBHe Kap6oHHJtbHOH rpynnw aMHfla. 
^3Jio»ceHHoe flajio ocHOBaHHe CHHTaTb, hto MeTa6ojiHT 2 hbjihctch npojTHJiBajiHjyjH- 
Ecetonnnepa3HHOM, cTpyKTypHaa <J>opMyjia KOToporo npHBe^eHa Ha phc. 3. AHajiorHH- 
poe coe^HHeHHe 6mjio BbmejieHO H3 KyjibTypajibHOH hchakocth Streptomyces sp. S-580 h 
mosellinia necatrix [16]. IIoflo6Hbie AHkeTonHnepa3HHW o6Hapy»ceHbi y ijejioro paaa 
TiHKp o opraHH3 m ob , b TOM MHCJie y rpn6oB pojja Penicillium h Aspergillus [17]. 

B npoijecce pa6oTbi no HCCJie^osaHHio ajiKajioiw>o6pa30BaHH)i y pa3JiHHHbix 
EeHHi^HjuioB 6buia BbWBjieHa KynbTypa P. oxalicwn BKM F-478 c ajiKajiOH#HbiM 
gocTaBOM, aHajiorHHHbiM P. palitans. CoxpoMaTorpa^Heii HHAHBH^nyajibribix MeTa6ojiH- 

KOB, BblAeJieHHblX H3 MHUeJlHH 3THX npO^yi^eHTOB, 6bUia yCTaHOBJieHa H^eHTHHHOCTb 

gaKHx ajiKajiOHflOB, Kaic 4>yMHraKJiaBHH A, npojiHJiBajiHJiAHKeTonHnepa3HH, nnpoKjiaBHH, 
[jecTyKjiaBHH, (J)yMHraKjiaBHH B,xaHOKJiaBHH-l h a-U,IIK. HajiHHHe sthx coeAHHeHHH 
^oflTBepayjeHo y4>-cneKTpockonHeii h Macc-cneKTpoMeTpHeS. 



OTMeHeHbl pa3JIHHHfl B COOTHOIIieHHH OTAeJlbHMX KOMnbHeHTOB aJIKaJIOHAHMX 

4»paKqHH H3yMaeMbix KyjibTyp^ TaKrcoAepMcaHHexaHOKjiaBHHa-l b mhi^cjihh P. oxalicum 
6hjio 3HaHHTejibHo Bbiuie,' neM y P. palitans (pHC. 1). B ofHouieHHH a-U,IIK 
Ha6jnoflaeTCH o6paTHa* KapTHHa. OcHOBHoe kojihhcctbo khcjiotu y P. oxalicum 
Sbuio cocpeflOToneHo b mhuchhh h He npeBwuiajio 0,05 Mr/r cyxoS 6noMaccbi. 
P. palitans cHHTe3HpyeT 3 HaMHTejibHo 6ojibinee KOJinnecTBO a-IJIIK. CoAepMcaHHe 
ee b KyjibfypajibHoft hchakocth nocTeneHHO noBbiuiajiocb b npouecce KyjibTHBHpo- 
BaHHH h k 26-m cyT flocTHrano 2 Mr/ji. KomjeHTparjHH BHyTpHKJieTOHHoS a-l^IIK 
cocTaBjiHJia OKOjio 0,3 Mr/r cyxon 6noMaccbi. 



Phc. 3. CTpyKTypa npo- 
jnuiBanHJiAHKeTonHnepa3HHa 




TaKHM o6pa30M, t mo»cho c^ejiaTb 3aKJiK>HCHHC 06 aHajiorHHHocTH ajiKajioH^Horo 
^ cocTaBa AByx pa3JiHHHbix bhaob rpn6oB — P> palitans BKM F-3088 h P. oxalicum 
BKM F-478; npn stom one/jyeT oTMeTHTb pa3JiHMHC b cooTHomeHHH oTflejibHbix 

KOMnOHCHTOB ajlKaJIOHflHblX 4)paKU,HH. X < 

H3BecTH0, hto ajiKajioimoo6pa30BaHHe y iph6ob b 3Ha4HfejibHOH CTeneHH 3aBHCHT ot 
cpeflbi h cnoco6a KyjibTHBHpoBaHHfl [18]. B CBH3H c 3thm HaMH HccjreflOBaHa 
cnoco6HOcfb oSenx KyjibTyp cHHTC3HpOBaTb ajiKajiOHAbi Ha CHHTeTHHecKofi h 
KOManeKCHofi cpe#ax npn rjiy6HHHOM h noBepxHOCTHOM cnoco6ax Bbipau^BaHHH. 
Bo MHorHx pa6oTax no HCCJie^oBaHHK) 6H0CHHTe3a KjiaBHHOBux h AHKeTonnnepa3H- 
hobmx ajiKajioHAOB y rpnGoB po#a Penicillium b KanecTBe KOHTpojibHOH Hcnojib30Ba- 
jih cpejry A6e, coflepacamyio MaHHHT h HHTapHyio KHCJiOTy [1.8], 3>Ta cpe^a, 
Kax npaBiuio, o6ecnenHBaeT xopouiHH pocT h ajiKajiOH^oo6pa30BaHHe. OAHaico b HaiueM 
*cjiyHae, HecMOTpa Ha xopouiHH pocT KyjibTyp, ajiKajiOHAOo6pa30BaHHe Ha 3To8 cpe^e 
BbipaxceHo Kpamie cjia6o. B KyjibTypajibHOH xchakocth BbiHBjieHbi He3Ha4HTejibHbie 
KOJiHHecTBa 4>yMHraKjiaBHHOB A h B, b mhucjihh ajiicajioHAbi He o6Hapy>KHBajiHCi>. 



Ta6Aux^a 2 

KojiHiecTuo 6noMaccM h coflepxcaHHe amcanoHAOB b KyjibTypanbHofi mchakocth h mhu£jihh ^ ' ■ 
A palitans h P. oxalicum npn nosepxHOCTHOM h rjiy6HHHOM KyjibTHBHpoBaHHH b pa3JiHHHwx cpeflkx 



Cpefla 


Cnoco6 Kyjib- 

THBHpOBaHHH 


KoJIHHeCTBO 6HOMaCCbI, 

t/ji 


CoflepacaHHe ajntajioHflOB 


b KyjibiypajibHofi 

KHAKOCTH, Mr/ji 


b M^enHH, Mr/r 
cyxoft 6homsccu 


P. palitans 


P. oxalicum 


P. palitans 


|i\ oxalicum 


P. palitans^ P. oxalicum 


A6e 


rjiy6HHHuft 


9,1 


17,0 


1,0 


1,5 


0 


0 


Marietta — 


rjiy6HHHbifi 


■ 7,7 . 


6,8 


0 


Cji. 


0 


Cji. 


Aoicca 


IIOBepXHOCT- 


13,3 


12,5 


2,3 


4,0 


0,1 


0,4 


















C coesoH 


rjiy6HHHMfi 


24,7 


17,6 


Oi. 


0,7 


Cji. 


0,1 


MyKOfi 


IlOBepXHOCT- 


19,4 


15,2 


12,0 . 


. 20,0 ' 


0,7 


1,6 




Htift 











IIpaKTHHecKH He Ha6jiK>AaJiocb aji 
6oraTbix nHTaTejibHbix cpeAax n 

nOBepXHOCTHOM BMparUHBaHHH HHT 

oTMeMeHo Ha cpe^e c coeBoii MyKoi 
06mH6cTb H3yHaeMbix KyjibTyp 
; h 3KCKpeqHH ajiKanoHflOB b cpeAy 
; ycTaHOBJieHo, HTO npn pocje Ha 
ajiKajiOHAHhix $paKW%, BbmeJiei 
4>yMHraKJiaBHHbi A h B (a t&ktk 

i H nHpOKJiaBHH cjia6o 3KCKpeTHpyi 

MHuejiHH. ABTopbi Bwpa»caK)T 6jiai 
: TpoB h KOHcyjibTar^iio npn hx uwrt 

I cm 

1. Gedek B. // Ann. Natur. AUm. 1977. 

2. Hou C.T., CieglerA., Hesseltine C.W. 
C 3. Ciegler A., Hou C.T. // Arch. Microt 

'4" 'Steyn P. Vleggadr fc/f'JX^S. Che 

5. Abe M. // Agric. Chem. Soc. (Japan) 

6. Ko3JioecKuu AT., Cme&aHoea-Aepa* 
MHKpo6HOjioriw. 1981. T. 17. Bun. 6. 

■ 7. Holzapfel C.W., Hutchinson R.D;, W 

8. Spilsbury Wilkinston S. // J. Ch< 

9. Cote R.J., Cox R.H. // Handbook 
Sydney; San-Francisco: Acad. Press, 1 

10. Ko3ao6ckuu A.r. t Pewemujioea T.A. 
C. 1691—1700. 

11. Ko3ao6ckuU A.P, Apuu6acapoe M. Y. 
run. 1980. T. 16. Bbiri. 4. C 569— 57* 

j 12. Ko3ao€ckuu A.r., CoAoeteea 710., 
Bun. 4. C. 601—608. 

13. Hofmann A. // Die Mutterkorrialkalo 

14. Aqurell S. // Acta Pharm; Suecica. 1! 

15. Lingappa B. T. , Prasad M. , Zingappa J 

16. Chen J:S. // Bull. Agr. Chem. Sbc. (: 

17. Johne S„ Groger D. // Phannazie. 19 

18. PeuiemuAoea T.A., KoiAoeckuu AS. 

\ C. 291. 

19. Janardhanan K.K., Sattar A., Husain A. * 

20. Voigt D., Johne S., Groger D. // Phai 

HHCTHTyT 6HOXHMHH H (J)H3HOJIOrHH 
MHKpOOpraHH3MOB AH CCCP, IlymHHO 



N.G. VINOKimOVA, T.A. Rl 

. STUDY OF THE' ALKALOID 

AND/ 

i 

Institute of Biochemistry and Physiology 

The fungi Penicillium palitans an 
alkaloids fumigaclavine A, fumigat 
as well as a prolylvalyl-diketopip 
The highest productivity of the tw< 
a medium with soya flour. 



854 



flpaKTHHecKH He Ha6jiiOAaJiocb ajiKajiOHAQo6pa30BaHHe y rpn6oB v BWpameHHbix Ha 
jSorajux nHTaTejibHwx cpe^ax npH rjiy6HHHOM| cnoco6e ' KyjibTHBHpoBaHHH. Ilpa 
noBepxHOCTHOM Bbipau^HBaHHH HHTeHCHBHoe ajiKajioiiAOo6pa30BaHHe y o6eHx KyjibTyp 
oTMeneHO Ha cpe^e c coeBofi MyKofi (Ta6ji. 2). - , . r / 

06ii^H6cTb H3yHaeMbix KyjibTyp 3aKJiK)MaeTCH TaKxee h b xapairrepe HaiconjieHHfl 

H 3KCKpei^HH aJIKaJIOHflOB B Cpefly npH KyjIBTHBHpOBaHHH B CTai^HOHapHblX yCJIOBHflX. 

ycTaHOBJieHo, hto npH pocje Ha komiuickchmx cpe^ax ochobhmmh KOMnoHCHTaMH 
aJiKajioHAHbix (JjpaioiHfi, BtmejieHHbix H3 KyjibTypanbHoS mchakocth, hbjihiotch 
4»yMHraKJiaBHHbi A h B (a Taiexe xaHOKJiaBHH- 1 ajih P. oxalicum). <I>ecTyKJiaBHH 
h nHpoKjiaBHH cjia6o 3KCKpeTHpyioTCH b cpeAy H HaKaiUlHBaiOTCfl B OCHOBHOM B 
MHuejiHH. Abtopm BbipaacaiOT 6^aroAapHocTb M.K). He^e^OBOH 3a chhthc HK-cneie- 
tpob h KOHcyjibTaijHK) npH HX HHTepnpeTarjHH. 
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N.G. VmOKUROVA, T.A. RESHEULOVA, KM. ADANIN, A.G. KOZLOVSKY 

STUDY OF THE ALKALOID COMPOSITION OF PEMCILLJVM PALITANS 
AND PENICJLLIUM OXALJCUM 

Institute of Biochemistry and Physiology of Microorganisms, USSR Academy of Sciences, Pushchino 

The fungi Penicillium palitans and PeniciUium oxalicum are able to synthesize clavine 
alkaloids fumigaclavine A, fumigaclavine B, pyroclavine, festuclavine, chanbclavine-1- 
as well as a prolylvalyl-diketopiperazine cyclic dipeptide and a-cyclopiasonic acid. 
The highest productivity of the two cultures was observed upoii surface cultivation on 
a medium with soya flour. 
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P. 03 



iprodukt konnten wir durch Vergleich mit 
he^i Praparat als Desamino-actinocinyl-bis- 
ientifizieren (Schmp. Misch-Schmp., Absorp- 
R-Spektrum, if>Wert). 



{ COOH 

I 

HC— CH{OH)— CH, 
I 

NH 

I 

C = 0 



OH an C 3 =NH 2 
COOH=COOCH 3 
II 



Schmp.: l62bis \6V C, ^-N-[Coffeino-(S)]-amino-propanol-(3), 
Schmp.: 224 bis 226° C 

Wissenschaf Miches Privat-Forschungslabor, Berlin-Zehlen- 
dorf, Janickestrafie 23 

Josef Klosa (Berlin) und Haxs Starke (Dresden) 

Kingegangen am 13. April 1 9 5 9 

i) Fischer, E.: Liebigs Ann. Chem. 2 IS, 283 (1882). — 2 ) Cra- 
mer, L.: Ber. dtsch.chem. Ges. 27, 909S ( 1 894). — 3 ) Einhorn, A., u. 
E. Baumeister: Ber. dtsch. chem. Ges. 31, 1138 (1898). — 4 ) Gom- 
berc, J.: Amer. Chem. J, 23, 51 (1901). — 5 ) Blicke, F.F., u. H.C. 
Godt jr.: J. Amer. Chem. Soc. 76, 2835 (1954). — •) Klosa, J.: 
5. u. 6. Mitt, uber Synthesen in der Theophyllinreihe. J. prakt. 
Chem. 6, 1S2, 187 (I95S). — ? ) Zahlreiche weitere Substanzen sind 
die Grundlage einer Anzahl von Paten tanmeldangen in Deutschland 
und dern Auslande. 



.us Actinocinyl-bis-[L-threoninmethylester] 
diges Kochen mit 50%iger Essigsaure und 
Tseifung mit verdimntern Alkali (so modi- 
lromophor intakt bleibt) gewonnen. Orange- 
a Schmp. 214° Zers. (Berl- Block, korrig.) 
;°, in Methanol. C 94 H 95 N 3 O u (531,5) Ber. 
N 7.91 ; Gef. C 54,26, H 5,03, N 7,98- 
Abbau- und Trennungsverfahren laOt sich 
ycinen 1. anders als bisher 2 ) die Konstitution 
ermitteln und 2. feststellen, ob die Carboxy- 
■mophors mit Threonin verkniipft sind. 

misches Insiitut der Universitdt, Gottingen 
5 Brockmann und Hans-Sieghard Petras 
m 15. April 1959 

H., u. H. Grone: Chem. Ber. 87, 1036 (1954).— 
u. K. Vohwinkel: Chem. Ber. 89, 1337 (1956). 



x Coffeinderivate mit geringerer Giftwirkung 
id starkerer Wirkung als Coffein 

illgemein als ein ungiftiges GenuQmittel. 
ebungswirkung im Vordergrund pharmako- 
\nwendung stent, sind doch die Herz- 
ie nach ubermafiigem und andauerndem 
treten, sehr unangenehm. Es sind bereits 
he 1 " 3 ) unternommen worden^ Derivate auf- 
n entweder die Herzwirkung des Coffeins 
igswirkung des Coffeins bei verminderter 
i verschoben sind. Diese experimentellen 
sher nicht zum Erf olg f uhren konnen ; es war 
lgen, ein fur die Therapie brauchbares ver- 
ivat aufzubauen, welches etwa mit den ver- 
. des Morphins oder anderer Wirkstoffe des 
lichen werden konnte. Nach der Synthese 6 ) 
von Theophylline und Coffeinderivaten hat- 
off ein- (8) -alkanolaminen der nachfolgenden 
:itution 



-C«0 CH, 

J 



C~N- 



CH 



n-CH— C— R«, 
I 

H 



-CH, 



allgemein Alkyle mit 1 bis 



H oder Alkyle, R 2 = H, OH, Alkyle oder 
yle, -OH, _0-CH 3 , — O— C 2 H S , R 4 = H 
1 bis 5 C-Atomen oder Phenyl, n = 0 oder 1 
>rperklasse gefunden, die drei- bis sechsmal 
I dazu pharmakodynamisch starker wirksam 

iieser Substanzen erfolgte durch Umsetzuns: 



Beitrag zur Kenntnis von Mutterkornalkatoiden 

Aus deutschem Roggenmutterkorn konnten wir — wie 
kiirzlich berichtet 1 ) — ein Alkaloid isolieren und auf dessen 
etwaige Identitat mit dem aus japanischem Grasermutterkorn 
von Abe und Yamatodani 2 ) gewonnenen Secaclavin (Alka- 
loid X) hinweisen. Nach neuesten Angaben von Abe 3 ) bestand 
jedoch die Moglichkeit, dafi Secaclavin mit Chanoclavin, einem 
von Hofmann, Bruxner, Kobel und Brack 4 ) aus sapro- 
phytischen Kulturen des Mutterkornpilzes von afrikanischer 
Kolbenhirse isolierten und in seiner Struktur aufgeklarten 
Alkaloid, identisch ist. Secaclavin (Alkaloid X) *), Chanocla- 
vin *) und die von uns abgetrennte Substanz wurden daher 
papierchromatographisch uberpriift. Hierzu fanden die Lo- 
sungsmittelsysteme Butanol-Eisessig-Wasser 4:1:5* 'teutanol- 
Pyridin-Wasser 4:1:5, Athylacetat-Wasser 1:1 (jeweils auf 
unbehandeltem Papier), Ather-Aceton-Wasser 2":4:2 (Papier 
mit 0,2%iger Weinsaurelosung getrankt), wassergesattigtes 
Chloroform (p H 7-gepuffertes Papier) und Chloroform (tprma- 
midgetranktes Papier) Anwendung. Die genannten Verbin- 
dungen wiesen gleiche i?/-Werte auf. Bei Mischchromato- 
grammen lieB sich gleichfalls lediglich ein Fleck nachweisen. 
Die Identitat von Chanoclavin, Secaclavin und dem von uns 
aufgefundenen Alkaloid erscheint somit gesichert. 

Die aus Breitkeilchromatogrammen isolierte und in einer 
Anzahl Roggenmutterkornproben quantitativ bestimmte 
Menge Alkaloid 1 ) liefi sich weiterhin auftrennen, wobei neben 
Chanoclavin, welches einen wesentlichen Anteil bildet, minde- 
stens zwei weitere, bisher nicht identifizierte Alkaloide vom 
Clavin-Typ nachweisbar sind. Hieriiber wtrd an anderer Stelle 
zu berichten sein. 

Pharmazeutisches Insiitut der Humboldt-Universitdt, Berlin 
(Direktor: Prof. Dr. F. Weiss) 

R. VOIGT 

Eingegangen am 26. April 1959 

. *) Herrn Dr. M. Abe, Osaka, und Herrn Dr. A. Hofmann, 
Basel, sind wir fiir die freundliche Uberlassung von Reinsubstanz 
zu aufierordentlichem Dank verpflichtet. 

x ) Voigt, R.: Naturwiss. 46, 77 (1959). — 3 ) Abe, M., u. T. Ya- 
matodani: J. Agric. Chem. Soc. Japan 28, 501 (1954). — 3 ) Abe, M.: 
Privatmitteilung. — *) Hofmann, A., R. Brxjnner, H. Kobel u. 
A. Brack: Helv. chira. Acta 40, 135S (1957). 



Kaempferol from Flowers of Ervatamia Coronaria Stapf 

On account of its immense therapeutic value 1 ) Ervatamia 
Stapf., Syn., Tabernaemontana R. Br. (Apocynaceae) early 
attracted attention. Although the milky latex, the bark and 
the root of the genus have been extensively examined for 
various plant products, no mention so fax appears to have been 
made of the presence of flavonoids. The isolation of a crystalli- 
ne flavonoid compound from the flowers of the species is now 
reported. 

The ethanol extract on purification by suitable solvent 
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' l ) Fischer, E.: Liebigs Ana. Chem. 215, 233 (1382). — '-) Cua- 

mer, L. : Ber. dtsch. chem. Ges. 27, 909S (1894). — 3 ) Einhorn, A., u. 
E. Baumeister: Ber. dtsch. chem. Ges. 31, I t 38 (1898). — 4 ) Gom- 
b erg, J.: Amer. Chem. J. 23, 51 (I90t). — 5 ) Blicke, F.F., u. H.C. 
Godt jr.: J. Amer. Chem. Soc 76, 2835 { 1954). — ") Klosa, J.: 
5. u. 6. Mitt, liber Synthesen in der Theophyllinreihe. J. prakt. 
)H an C 3 =NH, Chem. 6, 182, 1 87 ( 1 95S). — 7 ) Zahlreiche weitere Substanzen sind 

C00H=C0OCH 3 die Grundlage einer Anzahl von Patentanmeldungen in Deutschland 
TT und dem Auslande. 
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Beitrag zur Kenntnis von Mutterkornalkaloiden 

Aus deutschem Roggenmutterkorn konnten wir — wie 
kiirzlich berichtet 1 ) — ein Alkaloid isolieren und auf dessen 
etwaige Identitat mit dem aus japanischem Grasermutterkorn 
von Abe und Yamatodani 2 ) gewonnenen Secaclavin (Alka- 
loid X) hinweisen. Nach neuesten Angaben von Abe 3 ) bestand 
jedoch die Moglichkeit, daQ Secaclavin mit Chanoclavin, einem 
von Hofmann, Brunner, Kobel und Brack 4 ) aus sapro- 
phytischen Kulturen des Mutterkornpilzes von afrikanischer 
Kolbenhirse isolierten und in seiner Struktur aufgeklarten 
Alkaloid, identisch ist. Secaclavin (Alkaloid X) *), Chanocla- 
vin*) und die von uns abgetrennte Substanz wurden daher 
papierchromatographisch uberprlift. Hierzu fanden die Lo- 
sungsmittelsysterne Butanol-Eisessig-Wasser 4 : 1 : 5, ^Butanol- 
Pyridin-Wasser 4:1:5, Athylacetat-Wasser 1:1 (jeweils auf 
unbehandeltem Papier), Ather-Aceton-Wasser 2*:4:2 (Papier 
mit 0,2%iger Weinsaurelosung getrankt), wassergesattigtes 
Chloroform (p H 7-gepuffertes Papier) und Chloroform (£prma- 
midgetranktes Papier) Anwendung. Die genannten Verbin- 
dungen wiesen gleiche i?/-Werte auf. Bei Mischchrornato- 
grammen lieB sich gleichfalls lediglich ein Fleck nachweisen. 
Die Identitat von Chanoclavin, Secaclavin und dem von uns 
aufgefundenen Alkaloid erscheint somit gesichert. 

Die aus Breitkeilchromatogrammen isolierte und in einer 
Arizahl Roggenniutterkornproben quant itativ bestimmte 
Menge Alkaloid 1 ) liefl sich weiterhin auftrennen, wobei neben 
Chanoclavin, welches einen wesentlichen Anteil bildet, minde- 
stens zwei weitere, bisher nicht identifizierte Alkaloide vom 
Clavin-Typ nachweisbar sind. Hieriiber wird an anderer Stelle 
zu berichten sein. 

Pharmazeutisches Institut der Humboldt-Universitdt, Berlin 
{Direktor: Prof. Dr. F- Weiss) 

R. Voigt 

Eingegangen am 26. April 1959 

. *) Herrn Dr. M. Abe, Osaka, und Herrn Dr. A. Hofmann, 
Basel, sind wir fur die freundliche Uberlassung von Reinsubstanz 
zu aufierordentlichem Dank verpflichtet. 

x ) Voigt, R. : Naturwiss. 46, 77 (1959). — 2) Abe, M., u. T. Ya- 
matodani : J. Agric, Chem. Soc. Japan 28, S01 (1954). — 3 ) Abe, M.: 
Privatmitteilung. — *) Hofmann, A., R. Brunner, H. Kobel u. 
A. Brack; Helv. chim. Acta 40, 1358 (1957)- 
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H. IO. MAPKEJIOBA, A. T. K03JI0BCKHH 

*EPMEHTATHBHOE nPEBPAIUEHHE XAHOKJIABHHA I 
BECKJ1ETOHHHM 3KCTPAKT0M PENICILLIUM, SIZOVAE F-209 

B 6ecKJieTOHHux sKCTpaKTax rpH6a Penicillium sizowe F-209 o6HapyxceHa 
aKTHBHOCTb (J)epMeHTaTHBHoro KOMn^eKca, . npeBpaiuaiomero xaHOKJiaBHH .1. 
FIoAo6paHH onTHMajibHbie ywoBHa jvist aeficTBHsi stoh 4 )e P MeHTH0 " CHcreMu: 
KOHueHTpauHH Ko4>aKTopoB, pH h TeMnepaTypa peaKUHOHHofi cMecn, npn koto- 
pwx AocTHraeTCH okojio 50% npeBpameHHfl xaHOKJiaBHHa 1 6ecKJieToqHMM. skct- 
paKTOM MHuejiHH. 'OcHOBHbiMH npo#yKTaMH npeBpaiueHHJi XaHOKJiaBHHa I flB- ■ 
;iflioTC5i arpoKjiaBHH I h anoKCHarpoKJiaBHH I. '*■ * ^ 

XaHOKJiaBHH I OTHOCHTCH K KJiaBHHOBblM aJIKaJIOHAaM ^ npOH3BOAHHM* 

6,8-AHMeTHJi9projiHHa, oAHaKo OTJinqaeTCH ot Apyrnx KJiaBHHOBbix ajiicaJiOH- 

AOB OTKpblTHM KOJIbUOM D- SprOJIHHOBOrO HApa (pHC. 1). XaHOKJiaBHH I HB- 

jineTCH npoMescyTo^HbiM coeAHHeHkeM b 6HoreHe3e9proajiKajioHAOB.. y rpn- 
6ob pOAa Ctaviceps AocTaToqHo nojiHo ycTaHOBJieHH nyTH 6hochht633 * aji- 
KaJioHAOB h BbiAejieH pnA (})epMeHTOB, ocymecTBJiniomHx OTAejibHbie afanu 
hx 6noreHe3a [1 — 4]. y neHHUHJiJiOB, cHHTe3Hpyk)iUHX sproajiKajiOHAH, ot ; 
jiHnaiomHeqH ot aJiKajioHAOB Claviceps cTepeoxHMHqecKH, oTMeqeHbi H3Me- 
hchhh b o6mefi cxeMe 6H0CHHTe3a [5 — 7]. B cbh3h c sthm npeACTaBJiHeT 
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Phc. 1. Ctp yKTy p Hbie 4>opMyjm xaHoiuiaBHHa I (a), xaHo- • 
KJiaBHHa III ~(6) y arpoKJiaBHHa I (e)\ arpomra-BKHa (a) h 
: * anoKCHarpoKJiaBHHa I (d) \ 

' . j ."'*>'. . 
HHTepec H3yqeHHe 6noreHe3a aproaJiKajioHAOB y rpn6oB^ po^a Penicillium 
h H3yqeHHe OTAejibHtix <J>epMeHTOB< hjih (J)epMeHTHHX chgtcm, ocymecTBjin- 
khuhx 6HocHHTe3 a^kajioHAOB. HacTOHmee cooSmeHHe KacaeTcn HccJieAOBa- 
hhh npeBpameHHH xaHOKJiaBHHa I SecKJieTo^HMMH npenaparaMH H3 P. si- 
zovae F-209. . ' * 

3KCnEPHMEHTAJIbHA5I HACTb 

MeTOAHKa 

■ f • ' 

B pa6oTe Hcnojib30BajiH KyjibTypy Penicillium sizovae BKM F-209. 
BupamHBaHHe npoBOAHJin Ha KanajiKe (24° h 220 o6/mhh) b KOJi6ax o6t>- 
«mom 750 mji co 150 mji cpeAH cJieAyiomero coctaBa (r/ji AHCTHJiJiHpoBaH- 
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Hofl boah): MaHHHT — 50, HHTapHaa KHCJiOTa — 5,4, MgS0 4 -7H 2 0 — 0,3, 
KH2PO4 — ^ pH aoboahjih kohu. NH4OH ao 5,2. 3aceB npoBOAHJiH cno^ 
paMH 7-cyTOHHofi KyjttbTypbi, BbipameHHofi Ha cKOiueHHOM arape. 10 .mji 
S-cyTOHHoro HHOKyjiHTa nepeHocHjw b kojiSh co cpeAOH Toro xce cocTaBa 
H npoBOAHJiH AaJibHeHiuee BbrpamHBaHHe. OnpeAeJieHHe aKTHBHocTH (f>ep- 
MeHTaTHBHoro KOMnjieKca, ocymecTBJiHiomero npeBpaiueHHe xaHOKJiaBHHa I, 
onpeAeJiHJiH no MeTOAy [1] b Haiuefl MOAH^HKauHH.^MHuejiHH. oTtj>HJibTpo- 
BbiBaJiH, npoMHBajiH 0,1 M cj)oc(j)aTHUM gy^epoM (pH^ 8,0), coAep>KamHM 

0. 4 mji 2-MepKanT03TaHOJia, 100 Mr 3,ZJTA h 10 mji niHuepHHa Ha 1 ji. Rjih 
noJiywHHH 6ecKjieTqqHoro SKCTpakTa 5 r cbipofl 6HOMaccbi pa3pyiuaJiH pac- 
THpaHHeM 1 b jkhakom ,a30Te, cycneHAHppBajiH b 10 mji Toro ike 6y4>epa h 
i^eHTpH(})yrHpOBajiH (20 000 g, 50 mhh, 4°). CynepHaTaHT HcnoJib30BajiH b 
KanecTBe SecKJiejoHHoro sKCTpaKTa. OepMeHTaTHBHyio aKTHBHocTbonpeAejin- 
jih cjieAyiomHM o6pa30M: peaKUHOHHyio CMecb (2 mji), coAepxcamyio 0,5 Mr 
xaHOKJiaBHHa I, 2,5 mkM HAAOH, 10 mkm ATP, 0,5 mji 6ecKjieTOHHoro 
sKCTpaKTa b 0,1 M 4>oc4>aTHOM 6y4>epe (pH 8,0) HHKy6HpOBajiH 3 h npn 
37°. 3aTeM peaKUHio ocTaHaBjiHBajiH, aoboah pH kohu. NH 4 OH ao 11—12. 
AJiKaJiOHAH H3 peaKUHOHHofi cMecH sKCTparnpoBaJiH ABa>KAbi STHJiaueTa- 
tom (06/06). SKCTpaKT ynapHBajiH noA BaKyyMOM b boahhoh 6aHe ripn 37° 
h npoBOAHJiH KaqecTBeHHbiS aHajiH3 ajiKajioHAOB mctoaom TCX Ha cHjiy4>o- 
jie, npoHBJiHH b cHCTeMax xjiopotJ)opM — MeTaHOJi — 25%-hhh aMMHaK (I) 
90:10:0,1 (06/06) h (II) 90 :10:1,5 (06/06). [7]. 

AjiKajioHAbi ,o6HapyxcHBaJiH b bhag norJiomaiomHx YO-nnTeH h npcjie 

OnpHCKHBaHHH peaKTHBOM SpJIHXa B BHAe OKpailieHHHX 30H. HAeHTH({)HKa- 
UHK) COeAHHeHHH hpOBOAHJIH iiyTCM CpaBHeHHH HX R f CO CBHAeTeJIHMH H Me- 

toaom coxpoMaTorpa4)HH co CBHAeTejiHMH. KbJiHqecTBeHHHH aHajiH3 aJiKa- 
jiohaob npoBOAHJiH AeHCHTOMeTpHHecKH (Chromosoan 3, Joyce Loebl.). 
AKTHBHOCTb HccjieAyeMoro. (j)epMeHTaTHBHoro KOMnjieKca oueHHBaJin no ko- 
jinqecTBy o6pa30BaBuierocH arpoKJiaBHHa-I. HccjieAOBajiH, 3- h 4-cyToqHiue 
KyjibTypH P. sizovae. KoHTpojib npH onpeAejieHHH aKTHBHbcTH npoBOAHJiH 
co cJieAyioiuHMH peaKUHOHHHMH cMecHMH: 1) KO<})aKTopbi + 6y(j)ep + xaHO- 
KJiaBHH I; 2) 6yi^ep +xaHOKJiaBHH I; 3) ko(^aKTopbi + 6y4)ep + 6eckjieTOT- 

HblH 3KCTpaKT, nOABeprHyTblH 10-MHHyTHOMy KHnH^eHHIO; 4)_6eCKJieTOHHHH Ay 

3KCTpaKT+6y(|)ep + KO(J)aKTopH; 5) ' 6ecKJieTOHHHH 3KCTpaKT+6y4)ep. 

; Pe3yjibTaf w h hx o6cy»cAeHHe 

ripn HHKy6auHH xaHOKJiaBHHa I c 6ecKJieTOHHbiM 3KCTpaKT0M H3 4-cy- 
Torabfl kyjibTypii P. sizovae b KanecTBe ocHOBHoro npoAyKTa peaKUHH 06- 
j)a3yejcj: TOJibKO arpoK^aBHH I (gHc.\2, a— 0). npij;>jeHCTB™^ 
ro 3kcTpaKTa H3 3-cyToqHoS kyji bTy pisi b HHKy 6 a uhShhoh cm ecif^ h ap h Ay c 
npoAykTOM npeBpameHHH xaHOKJiaBHHa I arpoKJiaBHHOM I b Ka^ecTBe oc- 
HOBHoro KOMnoHeHTa o6pa3yeTCH snoKcnarpoKJiaBHH I, a TaKJKe He6ojibuiHe 
KojinqecTBa xaHOKJiaBHHa III, ceKoarppKJiaBHHa h Asa HeHAeHTH(J)Hi^HpOBaH- 
hhx coeAHHeHHH c R f MeHbuie R f xaHOKJiaBHHa I (pnc. 3, a, 6). BecKjieTOH- 

Hbie SKCTpaKTH H3 CyTOHHOH H 2-CyTOMHOH KyJIbTyp 6bIJIH HeaKTHBHHMH. 

B KOHTpojibHbix onbiTax npeBpameHHH xaHOKJiaBHHa I He 6hjio. ■ * 

Phc. 2. TCX aKCTpaKTOB HHKy6auHOHHofi CMecH npH npespameHHH xaHOKJiaBHHa I 6ec- 
K^eTCRHMM ^KCTpaKTOM H3 4-cyToqHOH KyjibTypu P. sizovae. a — CHCTeMa I: 7— KoHTpojib 
4, 2 — KOHTpojib 1, 3 — KOHxpojib 2, 4 — onuT, 5 — onMT-i-;arpOKJiaBHH I, 6 — -arpoiaiaBHH 

1, 7— anpoK^aBHH, 8 — onuT+arpoKJiaBHH; 6— CHdeMa II:, 1 — KOHTpojib 4, 2 — koht- 

P0JIb 1, 3 — KOHTpOJIb 2, 4 - — OTIbIT, 5 — XaHOKJiaBHH III, 6 — OUblT + XaHOKJiaBHH III, a — 

AByMepHaa xpoMaTorpaMMa. I — onbiT, II — oiibiT+xaHOKjiaBHH III (I— CHCTeMa II, 2 — 
cucTeMa I). / — xaHOKJiaBHH 1/2 — xaHOKJiaBHH III, 3 — arpoKAaBHH .1. 06o3HaHeHHH npn- 
BeAeHHHx KOHTpojiefi yKa3a,Hbi b ivraBe «MeTOAHKa> 

Phc. 3. TCX SKcrpaKTOB HHKytfauHOHHOH cMecn npn npespauXeHHH xaHOKJiaBHHa I 6ecKJie- 

TOHHblM SKCTpaKTOM 3-CyTOHHOH KyJIbTypbl P. SlZOVae. a — CHCTeMa I, /--KOHTpOJIb 4, 
2 — KOHTpOJIb 1, 3 — KOHTpOJIb 2, 4 — . OIIblT, 5 — arpOKJiaBHH, 6 — aqJOKJiaBHH . I + 30IOKCH- 

arpoKjiaBHH I, 7 — onbiT+arpOKJiaBHH 1+ arpOKJiaBHH + snoKCHarpOKjiaBHH I; 6 — AByMep- 
Han xpOMaTorpaMMa. / — CHCTewa II, 2 — CHCTeMa I. / — xaHOKJiaBHH I, 2 — xaHOKJiaBHH 
III, 3 — ceKoarpoKJiaBHH, 4 — arpOKJiaBHH I, 5 —r aaiOKCHarpOKJiaBHH I. 06o3H ; aHeHHH npH- 
BeaeHHbrx KOHTpojiefi ykaaaHbi b rjiaBe «MeTOflHKa» ^ 
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> Rjih 'naztfopa onraMaJibHhix yc/iOBHii npeBpameHHa xaHpKiraBHHa I H3y- 
najiH BjiHHHHe npHpoAH ko<j>aKTopbB, HXKOHueHxpauHH, pH h npnpoAbi 6y- 
4>epk0H cMecH, a T^Knce TeMnepaTypbi h nppAOJixcHTejibHbcTH npoBeaeHHH 
peaKUHH Ha aKTHBHocxb Hccjie^yeMofi cj)epMeHTaTHBHofi cHCTeMM b SecKjie- 
tohhom sKCTpaKTe 4-cyTOHHofl 1 KyjibTypH. 3aBHCHMOCTb KOJiHqecTBa o6pa- 
* 30BaBuierdCH arpokjiaBHHa I ot nppAOJiJKHTejibHOCTH peaKUHH ripeACTaBJie- 
Ha b Ta6jiHue. Bj KaqecTBe cTaHAapTHofi npoAOJi>KHTejibHOCTH npoBeAeHHH 
peaKUHH 6hjio BbiBpaHo 3 ■ *■ : ^ ; 

/^HHaMHKa o6pa3oaaHHfl arpoKJi&BHHa I bo BpeiweHH 
npH npeapameHHH xaHOKJiaBHHa I 6ecKJieTOHHHM, SKCTpaKTOM 
4-cyTOHHofl KyjibTypu 



ripOAO^>KHTejIbHOCTb 

peaKUHH, h ^ 



0 

0,5 
1,0 
3,0 
5,0 
9,0 



. ArpoicnaBHH I 



or TeopenmecKoro 



0 
22 
38. 
55 
61 
67 



MKr/MJI 



0 
50 
95 
130 
152 
167 



. noBHmeHHe TeMnepaTypbi npHBOAHJio/KvyBejiH^eHHio BbtxoAa arpoKJia- 
BHVaJ: 24° r-: 42 70, 1 30° --48%' hV^ I. B CBH3H q 

3THM AajibH^Huine 3KcnepHMeHTbi npoBOAHJiH npH.37 6 . 
; t ■: IloKa3aHo, hto NADPH ,h ATP, oka3biBabT ( cymecTBeHHoe BjiHHHHe Ha ^ 
ifiepMeHTaTHBHyio aKTHBHocTb. HaH6ojibiua5i aKTHBHocTb 4>epMeHTaTHBHoro 
KOMnjieKca npoaBJiaeTCfl; npH coAepxcaHHH NADPH b peaKUHOHHOH CMecH 
ot 1,5 ao 3,0 mkM (pHC. 4). FIi)H coAepxcaHHH.ATP b KOHueHTp auHH IOmkM 
^epMeHTaTHBHaa CHcreMa 6oJieeHeM\B~l,5 pa3a. aKTHBHa b 4>£C<J>aTHOM j6y- 
' 4)fepe } iio cpaBrieHHio c TpHcauexaTHHM.' OnTHMyM pH kaxoAHTCH b o6;iacTH 

pu.8,q (phc. 5)t, : ./ ,\ . , ; 

^H3HOJiprHHecKHe ;Oc66eHHoCTH rpH6a : P. sizovclb F-209 h o6pa30BaHHe 
hm ajikajioHAPB 6bUiH onHcaHbi panee [5]. KyjibTypa cHHTe3HpyeT , aJika- 
jiohaij aprojiHHOBoro pHAa, npeHMyiAecTBeHHO arpomiaBHH I h anoKCHarpo- 

KJiaBHH I, a npH BapbHpOBaHHH yCJIOBHH KyjIbTHBHpOBaHHH B03MOJKHO O0pa- 

30BaHHe b MHHopHHX KOJiHMecfBaX" arppKJiaBHHa,/ xaHdKJiaBHHa I.,h ? xaHO- ] 
KAaBHHa III. Ha pHc,; 1 HpeACTaBjieHa CTpyKTypa sthx ajiKa^pHAOB.. 
\ 6HOCHHTe3a aproa^KajipHAOB y Ctaviceps yeraHOBjieH cJieAyioiUHH^ 

nyTbl ; TpHnTQ^aH^ 

THHOBOH. KHCJIOTH [8 ] . PflAQM aBTOpOB n6,Ka3aiIO, HTO SeCKJieTOHHHe 3KCT- 



o/ JMZ/MJ! 




ko- 



to- 



15 ATP,mkM 

—J l_ ? 

i,Q NADPH/mkM 




ENZ\ 



mtstiiui 



rO t 05 



6,0' 



-L. 



Phc. 4 



7,0, 8,0 
Phc. 5 



9,0 pH 



Phc; 



4. BflHHHHe NADPH h ATP Ha aKtHBHOCTb xaHOKViaBHHUHKJia3w. 1 — NADPH, 2- 

Phc. 5 ; BjniaHHe npHpoAM 6y(J>epa h pH -Ha aKTHBHocTb xaHOK^a>BHHUHKjia3H. / — tphcJ 
" ■ aueiaTHbiH 6y<f>ep, -2 — (J)oc4)aTHbiH 6y$ep - 
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^6 o6pa30BaHHH b 6ec KJ ieTOWOM 9kc T P*« a HHe xaH0KJ iaBHHa _I, mohc- 

„o npeAnoJioJKHTb, wo cxewa wgorarMa P Q . CT OXHMHfl HeKOTopH X 
Saoii aHaJiormHa TaKOBOH y ^SSSrt fiiocAHTeaa y P. '•sfeoooe' (arpo- ■ 

vClaviceps (pHC. l). 06 P a3pB t""® H ^ 0 V HO ro cy6cTpaTa xaHOKJiaBHHa I , 

SwiaBHHa I, a He "P 0 ™ 8 ^ ' ^^M«Binia I m xaHOKJiaBHHa I. , 
Snoro npoAyKTa Me^y 06 paaoBaa mhhophofo. KOMndHfeHTa npa, 
06Bapy*eHHe xaHOKJiaBHHa III * ^^* H V^ aKWMH. kaK..3-;.TaK h 
noeBpaiiieHHH xaHpKJia.BHHa I ^ CK " eTOq " u r „ OAT J e pKAaeT^pewipaoxe- 

: HHe, no np6Bpain6HHe ^^^P^^^^^y^Qq^Qe od^a30BaHHe xaHOKJiaBHHa HI. 

SeT.npoHCXoAHTb nepes npoMexyr owoe ° P g b c ^e A yiomyp cxe- 

i &^ B ?TffiJ«^ arpppaBHH--xaHO- 
My 6HdcHHTe 3 a KflaBHHOB^MKaac^A t^noKbHarpoKJiaBHH-I; . ... , 
KnaBHH I^xaHOKJiaBHH ni "*;f PP^^^UKoti h T. A. PeuienuioBOH sa 
BH'paxaek SjiaroaapHOCTb .H. r, benp™ CBHA eTejieH h noA6op. yaio- 
-npeftoctaBjieHHe cyecrpaTa^aH^aBM^a 1^ a^-. = . 

BHH SKCTpaKUHH aJIKaJIOHAOB. ; . . .. : . ,. . .1 ■ 

■ 7 CHHCOK JIHTEPAWPbl • • 

4 - f^J// ^ 4 t -f ^chemistry and biotechnology of biological- . 

noma. 1986. T. 22. ^=2.C. 8 p. 419-436. „ u 1(m V qc 6 

HHCT„ T y T 6HOXHMHH h ^HO^orHH y . .,■ • • , • . 10.05.1988 

MBKpodpraHH3MOB AH CVA-K, . '■ 

AT. YU. MARKELOVA, A. 0. KOZLOVSKY . 

• The activity of an enzyme complex ^^f^^SSK met 
free extracts of the fungus PenlC fZ- ^Zl^^^ P H and 
2 yme system f^r^^jSv*' is transformed by the mycehal 
of the reaction mixture, -when j about 50 A o c ^ agroclavine -I and epoxyagro- 

cell-free extract. The main prpducts ol tne ira 

clavine-I. , , 
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Biosynthesis of Ergot Alkaloids. Studies on the 
Mechanism of the Conversion of Chanoclavine-I 
into Tetracyclic Ergolines 
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Garre E. Blair, Charles I. Abou-Chaar and John M. Cassady 
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Abstract: As indicated by double labeling experiments with stable isotopes, the cyclization of chanoclavine-I to 
tetracyclic ergolines involves an intermolecular transfer of the hydrogen at C-9 into the same position of a new 
molecule. Also in this process, one of the methylene hydrogens at C-17 of the precursor is exchanged, the newly 
introduced hydrogen occupying the pro-R position at C-7. This and the fact that chanoclavine-I-aldehyde is 
efficiently and specifically converted into elymoclavine by the ergot fungus suggest that the cyclization involves 
aldehyde intermediates. Experiments with (3 J R,4/?)-mevalonic-2- 14 C-^-r acid indicate that an isotope effect in the 
further metabolism of chanoclavine-I leads to an enrichment of tritium at C-9 of the unreacted chanoclavine-I. A 
mechanism involving double bond isomerization at the aldehyde stage is proposed which accounts for all the ob- 
servations. 



The biosynthesis of the tetracyclic ergoline ring sys- 
tem of ergot alkaloids from tryptophan, mevalonic 
acid, and the methyl group of methionine has been 
found to involve an unexpectedly complex sequence of 
reactions which is still not very well understood. 1 The 
pathway as we see it now (Scheme I) involves two cis- 

Scheme I 




agroclavine R' = CH 3 : deoxychanoclavine-I 

R' - H: deoxynorchanoclavine-I 



(1) For reviews see (a) R. Voigt, Pkarmazie, 23, 285, 353, 419 (1968); 
(b) E. Ramstad, Lloydia, 31, 327 (1968); H. G. Floss, Abh. Deut. Akad. 
Wiss. Berlin, KL Chem., GeoL, Biol., 395 (1972). 



trans isomerizations at the allylic double bond, one 
occurring in the reaction sequence leading to chano- 
clavine-I and the other in the conversion of chano- 
clavine-I into the tetracyclic ergoline, agroclavine. It 
is attractive to speculate that these two isomerizations 
are somehow tied to the corresponding ring closure 
reactions leading to the formation of the 5,10 and the 
6,7 single bonds, respectively. An attempt has been 
made to establish such a relationship for the first isom- 
erization and the formation of ring C but without 
producing the expected results. 2 - 3 Various pieces of 
information are available, which relate to the mechanism 
of the second isomerization and the formation of ring 
D. It is known that the conversion of chanoclayine-I 
to agroclavine and elymoclavine proceeds with com- 
plete retention of the hydrogen at C-10. 4 - 5 The reten- 
tion of the hydrogen at C-9, on the other hand, is not 
complete. Tritium retentions of 70% were observed 
for the incorporation of both (3/?,4i?)-mevalonic-2- 
14 C-4-/ acid and chanoclavine-I- 7- l4 C-9-/ into elymo- 
clavine. 5 The chanoclavine-I reisolated from the latter 
experiment had the same T/ 14 C ratio as the starting 
material. The same mevalonic acid was converted 
into chanoclavine-I with 100% tritium retention using 
a different ergot strain which produces chanoclavine-I 
as the terminal alkaloid. 5 In the present paper we 
would like to present results which give further insight 
into the mechanism of the transformation of chano- 
clavine-I into tetracyclic ergolines. Some of these 
results have been communicated in preliminary form. 6 

Results 

In a previous publication 5 we discussed, as one ex- 
planation for the above mentioned tritium retention 

(2) M. Seiler, W. Acktin, and D. Arigoni, Chem. Commun., 1394 
(1970); C/umw, 24, 449 (1970). 

(3) C. I. Abou-Chaar, H. F. Guenther, M. F. Manuel, J. E. Robbers, 
and H. G. Floss, Lloydia, 35, 272 (1972). 

(4) S. AgureU, ActaPharm. Suecica, 3, 71 (1966). 

(5) H. G. Floss, U. Hornemann, N. Schilling, K. Kelley, D. Groger, 
and D. Erge, /. Amer. Chem. Soc. t 90, 6500 (1968). 

(6) H. G. Floss, D. Groger, and D. Erge, paper presented at the 5th 
International Symposium on the Chemistry of Natural Products, 
London, July 1968, Abstracts, p 72; B. Naidoo, J. M. Cassady, G. E. 
Blair, and H. G. Floss, Chem. Commun., 471 (1970), 
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Hata the possibility of a mechanism involving an in- 
t rmolecular hydrogen transfer. Such a mechanism 
an for example, be visualized as shown in Scheme II. 

Call) 




EnzX. — H 



By addition of some XH group of the enzyme across the 
double bond of chanoclavine-I, a second hydrogen 
would be introduced at C-9 and, with the rotation 
around the 8,9 bond required to bring the hydroxy- 
methyl group close to the nitrogen, the original hydro- 
gen from this position would be transferred to the 
enzyme in the subsequent elimination step. If this 
hydrogen on the enzyme were to undergo only slow 
exchange with solvent protons, it could be introduced 
into a new molecule of bound substrate, where it 
would now occupy the enantiotopic position and 
would thus end up in the product molecule upon com- 
pletion of the second turnover of the enzyme. To test 
for such an intermolecular transfer of the hydrogen 
at C-9 of chanoclavine-I we carried out experiments with 
mevalonic acid intramolecularly labeled with deuterium 
at C-4 (indicator label) and C-3' (reference label). 
This material was prepared as shown in Scheme III. 
Base-catalyzed equilibration of l,l-dimethoxybutan-3- 
one with D 2 0 gave, after four, exchanges, the penta- 
deuterated compound containing 100% deuterium in 
the methylene group and over 90% deuterium in the 
C-methyl group, as determined by pmr. This material 
was then used in a Reformatsky reaction to give the 
acetal of mevaldic acid ethyl ester, which was converted 
to mevalonic acid essentially as described by Eggerer 
and Lynen. 7 As shown by mass spectral analysis, the 
latter consisted of 80% pentadeuterated, 11% tetra- 
deuterated, 7% trideuterated molecules, and less than 
1% each of molecules containing 2, 1, and 0 atoms of 
deuterium. The rest of Scheme III indicates the pre- 
sumed metabolic fate of these labeled hydrogens in the 
ergot fungus. One atom of deuterium from C-4 would 
be lost in the transformation of mevalonic acid to 
dimethylallyl pyrophosphate and another one from 
the methyl group in the further transformation of the 
latter into chanoclavine-I. This alkaloid, then, should 
contain the majority of its deuterium in molecules 
carrying 3 atoms of deuterium. In addition there 
would be varying amounts of unlabeled molecules, 
depending on the ratio of added to endogenously syn- 
thesized mevalonic acid, and, because of the incom- 
plete deuteration of the precursor, a "small percentage 
of di- and monodeuterated species. If the conversion 

(7) H. Eggerer, F. Lynen, E. Rauenbusch, and J. Kessel, Justus 
Liebigs Ann. Chem. % 608, 71 (1957). 



Scheme HI 
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of chanoclavine-I into the tetracyclic alkaloids is 
straightforward, then elymoclavine and its immediate 
conversion product penniclavine should have es- 
sentially the same deuterium distribution, except for a 
slight decrease in deuterium content due to exchange or 
an isotope effect. If on the other hand this conversion 
involves an intermolecular hydrogen transfer as out- 
lined, above, then a deuterium atom removed from C-9 
could be introduced either into a molecule already 
containing deuterium, in which case there would be no 
net change, or into an unlabeled molecule, in which 
case one D 3 molecule and one D 0 molecule would give 
rise to one D 2 and one Pi molecule. The operation of 
an intermolecular hydrogen transfer mechanism would 
thus increase the amount of D 2 and Pi species in the 
tetracyclic alkaloids' at the expense of the D 3 and the 
Do species. This increase would depend on the ratio 
of labeled to unlabeled species in chanoclavine-I, and 
the expected deuterium distribution of the tetracyclic 
alkaloids can be estimated from the observed deuterium 
distribution of chanoclavine-I and the degree of tritium 
retention. To determine the latter individually in 
each experiment, the ' deuterated mevalonic acid was 
mixed with (iA,4i?)-mevalonic-2- i4 C^-/8 ^ (final 
specific activity 1.44 >< 10 7 dpm 14 C/mmol, T/ l4 C = 
2.48). This precursor was then fed to cultures of 
Claviceps strain SD 58 under several different con- 

(8) "(3MK)-mevalonic-2- 14 C-4-f acid" always refers to the 1 :1 mix- 
ture of the 3K,4R and 3S,45 isomers, of which only the 3R.4R isomer 
is biologically active. 6 The radioactivities given are always those of the 
mixture. 
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Table I. Conditions of Feeding Experiments with Intramolecularly Double Labeled Deuteriomevalonic Acid in 
Ciaviceps strain SD 58 (T/ l4 C of precursor, 2.48)' _____ 



Expt no. 



Feeding conditions 



Alkaloid formed 



Radioactivity of product 
( X /i4C = Tretn)» 



1 


f\ i mrYinl moualnnatA. 5_ 0-/1-/- ? ' A.A r tn one 1 00- ml 
U.Z tuiiiOl luCVa lUnalC-x ■ l^-*ri\-*t-*-j ,t"us iu uiic iw-iiii 


4 7 mg 


Chanoclavine-I 3.33 


= 134 V *<■ 


MI Af\fi mpHiiim rpnlflcpirifnt rnlttirp 

HL I1ICUIUII1 I CplUVCIIldlV 




Elymoclavine: 1.35 = 


54% 1 






Penniclavine: 1.28 = 


52 V 


2 


u.j mmoi rnevaioriaie-^- t* t +A ,< +'i - j ,**uj iu iwu ^.j-uii 


7 f\ mo 


Chanoclavine-I: 3.37 


= 136V 




Nil /1A/» mpHinm r*»nlnf pm<*nt rultiir**** 




Elymoclavine: 2.04 = 


= 82% 






Penniclavine: 1.83 = 


74% 


3 


0.05 mmol mevalonate-2- 14 C-4/?-4-r-i',4-rf 5 + 0.02 mmol 


692 /xg 


Chanoclavirie-1 : 3.1 


= 127% 




L-tryptophan to two 25-ml phosphate buffer replace- 




Elymoclavine: 1.0 = 


40% 




ment cultures 








4 


0.025 mmol mevalonate-2- 14 C-4*-4-/-J',4-4 5 + 0.025 


719 M g 


Chanoclavine-I: 3.5 


= 141% 




mmol mevalonate + 0.02 mmol L-tryptophan as in 




Elymoclavine: 0.96 = 


- 39% 




expt 3 









• T retn (tritium retention) = {[T/ 14 Cof productl/[T/ 1 <C of precursor] ) 100 %. 
Table n. Deuterium Distribution in Clavine Alkaloids Biosynthesized from Mevalonic-i',*-^ Acid by Ciaviceps strain SD 58 



Found in 
chanoclavine-I 



. Estimated distribution in tetracyclic clavines for . 

Exchange at Intermolecular 
C-9 and loss transfer at C-9 

Exchange at Intermolecular of 1H and loss of 1H 
C-9 transfer at C-9 fromC-17 from C- 17 



-Found in- 



Elymoclavine Penniclav 
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24-29 


36.3 


28.8 -rJH 


D x 


2.9 


6 


27 


22 


32-50 


26.5 


30.8 11 


Do 


32.1 


33 


17 


35 

Experiment 3 


21-44 


34.7 


33.5 .M 


D 3 


33.6 


13 


7 


0 


0 


0.5 




D, 


16.5 


27 


30 


17 


7-9 


11.4 




Di 


5.7 


12 


24 


31 


30-46 


32.0 




Do 


44.2 


48 


39 


52 

Experiment 4 


45-63 


56.1 




D a 


27.9 


11 


5 


0 


0 


0.4 




D, 


6.0 


19 


24 


12 


5-6 


3.2 




Di 


14.7 


9 


17 


26 


24-38 


20.7 




Do 


51.4 


61 


54 


62 


56-71 


75.7 





• The figures given are the percentages of the molecules containing 3, 2, 1 and 0 atoms of deuterium, respectively. 
Table HI. Incorporation of 14 C- and Tritium-Labeled Precursors into Elymoclavine by Ciaviceps Strain SD 58 



Alkaloid 



Expt no. 


Precursor fed 


Radioactivity fed 


formed, mg 


5 


18.6 mg chanoclavine-I- 


1.19 X 10 6 dpm 14 C, 


141 




"C-/7-/ 


T/ l4 C = 5.15 




8 


(3/?,4/*)- Mevalonolactone- 


4.4 X 10' dpm l4 C, 


128 




2-"C-4-t 


T/ 14 C - 5.55 




14 


0 . 25 mg chanoclavine-I- 


1.01 X 10 7 dpm 


142 




aldehyde- 17-t 






15 


0.06 mg chanoclavine-I- 


4.88 X 10«dpm 


141 




77-/ 






16 


0. 12 mg chanoclavine-I- 


5 .0 X 10 6 dpm 


127 




aldehyde-/7-r 




127 


17 


0 . 1 2 mg chanoclavine-I- 1 7-t 


1 .0 X 10 7 dpm 


18 


5 .2 mg chanoclavine-I- 


3.60 X 10* dpm 14 C, 


71 




aldehyde- u C-/7-r 


T/ 14 C = 1.78 





Radioactivity of 
elymoclavine 



Incorpora^t|^ 
tion, % 
T retn, % 



2.10 X 10 6 dpm *<:, 
T/ 14 C = 2.72 

6.15 X 10* dpm 14 C, 
T/ 14 C = 3.16 

4.05 X 10'dpm 

4.83 X 10* dpm 

1.17 X 10* dpm 

5.74 X 10 5 dpm 
1.24 X 10* dpm 14 C, 
T/ 14 C = 1.61 



17.6 

14 - • 

* ~m 

9.9 

23.3 #1 

5.7 
34.4 
91 



ditions and the alkaloids chanoclavine-I, elymoclavine, 
and, in some experiments, penniclavine were isolated, 
purified chromatographically, and analyzed for their 
T/ 14 C ratios. The data are summarized in Table I. 
Aliquots of these alkaloids were then subjected to mass 
spectral analysis to determine from the isotope com- 



position of the molecular ion the number of unlabeled;; 
mono-, di-, and trideuterated molecules. In Table II 
the observed values are compared with the expected 
figures or the expected range of values estimated 1 
various mechanisms. In accordance with expecta- 
tions, the chanoclavine-I does indeed carry most of it 



Journal of the American Chemical Society / 96:6 j\ March 20, 1974 



1901 



iV. Degradation of Biosynthetically Labeled Elymoclavines 



■EXP 1 
no. 



Precursor 



Elymoclavine 



/V-Methylsecoelymoclavine 



Acetic acid 



5 Chanoclavine-I- 14 C-/ 7- f 

8 (3/J,4/?)-Mevalonolactone-2- l *C-4-t 

14 Chanoclavine-I-aldehyde-77-/ 

16 Chanoclavine-I-aldehyde-7 7-t 



T/ 14 C - 2.72 

2.22 X 10 6 dpm T/mmol, 

T/ 14 C = 3.16 
2.08 X 10 5 dprti T/mmol 
2.75 X 10 5 dpm T/mmol 



2.71 X 10 5 dpm T/mmol, 

T/ U C = 2.69 
2.18 y 10« dpm T/mmol, 
T/ 14 C =3.18 
N.d. 
N.d. 



2.61 X 10 s dpm T/mmol = 93% 

3.0 X 10 3 dpm T/mmol = 0.14%; 
4.7 X 10 s dpm T/mmol = 0.21% 
2.05 X 10* dpm T/mmol = 98.5% 
2.59 X 10 5 dpm T/mmol = 94% 



deuterium in the form of trideuterated molecules. 
However, the distribution of deuterium in elymoclavine 
and penniclavine is quite different. Particularly 
striking is the virtual absence of trideuterated mol- 
ecules. This is definitely not in agreement with the 
expected distribution for a simple exchange of some of 
the label from C-9 and it also does not fit the values 
expected for just an intermolecular transfer. However, 
a much better fit is obtained if the assumption is made 
that the reaction involves not only an intermolecular 
transfer of the hydrogen at C-9 but also loss of one of 
the deuterium reference labels at C-17. Assuming loss 
of one of the deuterium atoms from C-17 also improves 
the fit between observed and calculated data for the 
case of a mere exchange of some label from C-9, al- 
though the agreement is not as good as for the inter- 
molecular transfer case. 

In order to test the assumption that one of the hy- 
drogens at C-17 is replaced during the transformation 
of chanoclavine-I into tetracyclic ergolines, we prepared 
chanoclavine-I-/ 7-f by the following reaction se- 
quence. 9 * 10 

COCH 3 
N— CH 3 



Ac£> 




COCH3 

/ 

N — CH 3 




obtained biosynthetically from tryptophan- 14 C 11 to 
give a T/ 14 C = 5.15 and then fed to two cultures of 
Claviceps strain SD 58. The resulting elymoclavine 
(experiment 5, Table III) had a T/ l4 C ratio of 2.72 
(tritium retention 53 %) confirming the loss of one of the 
two labeled hydrogens from C-17 of chanoclavine-I. 
The elymoclavine from this experiment was diluted 
with carrier material and degraded by the following 
reaction sequence 5 - 12 to locate the tritium in the 
molecule. 



ch,i 



The last step, the alkaline hydrolysis of JV-acetyl- 
chanoclavine-I, is very inefficient 10 and in later work we 
therefore used direct reduction of chanoclavine-I- 
aldehyde for the preparation of chanoclavine-I- 1 7-U 
The tritiated material was mixed with chanoclavine-I- 14 C 

(9) T. Fehr, Ph.D. Dissertation, ETH ZUrich, 1967. 

(10) A. Hofmann, R. Brunner, H. Kobel, and A.' Brack, Helo. Chim, 
Acta, 40, 1358 (1957). 




2. Na in liquid 
NH, 




Kuhn-Roth 



oxidation 



CH.-COOH 



The result of this degradation (Table IV) shows that 
essentially all the tritium is confined to the 7 position 
as expected. Thus, the experiment with chanoclavine- 
I- 14 C-/7-/ confirms the correctness of the assumption 
that one of the hydrogens at C-17 is replaced during 
the conversion into tetracyclic ergolines. 

While the data from the experiments with mevalonate- 
3',4-ds, in light of the above, favor a process involving 
an intermolecular hydrogen transfer, the predicted 
deuterium distributions for exchange at C-9 and loss of 
one deuterium from C-17 are not sufficiently different 
to exclude this possibility. Furthermore, the evidence 
for an intermolecular hydrogen transfer in this type of 
experiment is based on the separation of two isotopic 
labels which in the precursor are present in the same 
molecule. A much stronger case could be made on the 
basis of an experiment of the opposite type, in which 
two isotopic labels which are present in separate mol- 
ecules in the precursor end up in the same molecule 
in the product; To carry out such an experiment we 
synthesized mevaionic-¥-</ 2 acid from acetic-rf 4 acid via 
methyl bromoacetate and mevaldic acid essentially as 
described by Cornforth, et a/., 13 for the synthesis of 

(11) D. Grbger, D. Erge, and H. G. Floss, Z. Naturforschg. B, 21, 
827 (1966). „ _ _ * 1 

(12) S. Bhattacharji, A. J. Birch, A. Brack, A. Hofmann, H. Kobel, 
D C C. Smith, H; Smith, and J. Winter, /. Chem.Soc., 421 (1962). 

(13) J. W. Cornforth, R. H. Cornforth, A. Pelter, M. E. Homing, 
and G . Popjak, Tetrahedron, 5, 3 1 1 ( 1 959). 
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mevalonic-^- 14 C acid. This material (99% D,) was 
mixed in a ratio of 1 : 1 with mevalonic acid-2- 15 C which 
had been synthesized from sodium acetate-2- 13 C (86.8 
atom % excess 13 C) via ethyl acetate and its condensa- 
tion with l,l-dimethoxybutan-3-one according to 
Pichat, et a/., 14 to give the ethyl ester of mevaldic acid 
dimethyl acetal, which was then converted to mevalonic 
acid by a modification of the method of Eggerer, et al? 
This mixture was fed in each of two separate experiments 
to two 20-ml medium NL 406 replacement cultures of 
Claviceps strain SD 58. Chanbclavine-I and elymo- 
clavine were isolated and purified as before and analyzed 
by mass spectrometry. Since the quantitative deter- 
mination of the isotope composition of elymoclavine is 
somewhat complicated by the presence of a strong M-l 
peak in the mass spectrum, a portion of each of the 
two elymoclavine samples was treated with horseradish 
peroxidase and hydrogen peroxide as described by 
Ramstad and coworkers 15 and the resulting pen- 
niclavine was purified and also subjected to mass 
spectral analysis. The absence of an M — 1 peak in 
A 9 » 10 -clavines like penniclavine considerably simplifies 
the calculation of the isotope composition. The* per- 
centage of tritium retention from (3/*,4K)-mevalonic-2- 
u C-4-t acid was in this case determined in a separate 
identical experiment and found to be 65%. The results 
. of these two experiments are shown in Table V, which 



Table V. Isotope Distribution in Clavine Alkaloids Biosynthesized 
from a Mixture of Mevalonic-2- 13 C and -4-d 2 Acid (43 Atom % 
l *C Excess and 50% D 4 in Mixture)" 

-Percentage of- 



Single 
labeled 



Double 
labeled 



Triple 





Unlabeled 


(D or 13 C) 


(D + 13 C) 


labeled 




Experiment 6 






Chanoclavine-I 


58 


42 


0 


0 


Elymoclavine 


67.1 


26.1 


6.8 


0 


Penniclavine 


67.0 


25.4 


7.1 


0.5 


Predicted for 










elymoclavine 










and penniclavine 






2.9-14 


0 




Experiment 7 






Chanociavine-I 


50.2 


49.8 


0 


0 


Elymoclavine 


61.7 


30.0 


8.2 


0.1 


Penniclavine 


59.0 


31.8 


8.8 


0.5 


Predicted for 










elymoclavine 










and penniclavine 






4.0-14 


0 



a Amount of precursor fed : experiment 6, 190 jxmol ; experiment 
7, 200 Mmol. Alkaloid formed 1 9.3 and 30. 1 ^mol. 



lists the isotope distribution in excess of the natural 
abundance. As expected the chanoclavine-I from both 
experiments shows isotope excess only in the M + 1 
peak; i.e., it only contains molecules labeled with 
deuterium or with l3 C in addition to unlabeled ones 
but none containing both 13 C and deuterium. In 
contrast, the elymoclavine from these two experiments 
as well as the penniclavine derived from it showed 
appreciable enrichment in the M + 2 peak indicating 
the presence of molecules containing both 13 C and 
deuterium. High resolution peak matching showed 

(14) L. Pichat, B. Blagoev, and J. C. Hardouin, Bull Soc. Chim. 
Fr., 4489(1968). 

(15) W.-n. Chan-Lin, E. Ramstad, and E. H. Taylor, Lloydia, 30, 
202 (1967); W,-n. Chan-Lin, Ph.D. Thesis, Purdue University, 1967. 



m 



that the exact mass of the major peak at m/e 256 mil 
elymoclavitie spectrum corresponded to the con?? 
position Qs^CHnDNjO. 16 The percentage of doubjyf 
labeled molecules in both experiments is well within tfcjl 
calculated range. The lower limit of the predicted 
range is obtained by making the assumption that the * 
ratio of labeled to unlabeled molecules in chanocla- 
vine-I measured at the end of the experiment represents 
that throughout the culture period. The upper limit., 
follows from the opposite extreme, assuming that all 
the labeled alkaloid was synthesized at one time and ^ I 
all the unlabeled at a different time. As would be-.'-.;' 
expected the observed values lie between these ex-t||! 
tremes. These data thus strongly support the idea of : 
an intermolecular transfer of the hydrogen at C-9 durr^p 
ing the conversion of chanoclavine-I into tetracyclic^) 
ergolines. ^ ' ?i 

If the hydrogen at C-9 undergoes an intermoleculdir ^i 
transfer, the question arises whether this transfer occuriifet 
back into the same position or whether the label fronji'^ 
C-9 of chanoclavirie-I appears at a different position V\ 
in the product. Extensive studies by various groups lb,i ^|j 
have established the origin of almost all the hydrogen^ j ^ 
in the tetracyclic ergolines to be the correspondingly 
hydrogens of the respective precursor. The only two V 
positions in the molecule for which such proof 
missing, and to which a hydrogen from C-9 couki^ 
therefore potentially have migrated, are position 2 
the indole ring and position 7. Transfer of hydrogen'?^ 
from C-9 to C-2 appears as an extremely unlikely pros-: V 
pect, but transfer to C-7 has to be seriously con- ; 
sidered in view of the finding that one of the hydrogens^? 
from C-17 of chanoclavine-I is replaced in the process*. :r+>H 
To examine this possibility, we prepared elymoclavine ?*} 
from (3/?,4/?)-mevalonate-2- 14 C-4-f (experiment 8, Tabte i- • 

III) and degraded it to determine the amount of tri- 
tium present at C-7. The results (experiment 8, Table \ 

IV) clearly show that C-7 of elymoclavine carries no>; r 
tritium, thereby excluding the possibility of a hydrogen -'v. 
transfer from C-9 to C-7. By way of exclusion this 
suggests that the hydrogen from C-9 of chanoclavine-I 

is transferred to the same position in the tetracyclic 
product. This tentative conclusion was confirmed by , 
feeding mevalonate-¥-</ 2 (0.57 mmol of 99% D 2 ) to 40- V 
ml replacement cultures of Claviceps strain SD 58 
and analyzing the resulting elymoclavine by high resolu- 
tion proton nmr. Mass spectrometry of the isolated 
elymoclavine indicated the presence of 51.5% mono- 
deuterated molecules (D 2 < 1 %), and the decrease in 
the intensity of the pmr signal for H-9 (6.80 ppm) 18 
showed that essentially all the deuterium (47%) was 
located in this position. 

Some further, although circumstantial, evidence for 
a partial intermolecular hydrogen transfer is obtained 
from an inspection of the data-in Table I. The tritium 
retention values for the tetracyclic clavines vary from 

(16) There is one ambiguity. The composition of this ion could also 
be Ci6 13 CHi»NjO, because the mass of two H is almost identical with 
that of one D and these two possibilities cannot be distinguished with 
the normal present day high resolution mass spectrometers. However, 
unlabeled elymoclavine produces almost exactly the theoretical distribu- 
tion of the isotope satellites of the molecular ion and there is thus no 
indication for a proton addition process in the mass spectrometer. 

(17) B. J. Wilson. Ph.D. Dissertation, Purdue University, 1970. 

(18) A complete analysis and reinterpretation of the pmr spectra of 
agroclavine and elymoclavine has been done (E. C. Kornfeld, N. J. 
Bach, H. E. Boaz, C.-j. Chang, H. G. Floss, E. W. Hagaman, and E. 
Wenkert /. Org. Chem. y in press). 
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" - me rit to experiment in a way which seems to cor- 
*TZ with the amount of alkaloid formed. At these 
r J low rates of alkaloid synthesis the tritium retention 

ms to decrease with decreasing rate of alkaloid forma- 
s This could be very plausibly explained by the 
".rkins hypothesis illustrated in Scheme II, because at 
T J ates of alkaloid synthesis the enzyme would be 
2 for longer periods of time between turnovers and 
! Eted hydrogens on the enzyme would have more time 
m undergo exchange with solvent protons. However, 

is somewhat difficult to judge how valid this observa- 
! I and its interpretation is, because the tritium reten- 
nn values for the tetracyclic ergolines do show some 
Ineral fluctuation throughout these experiments. 
More significant is the finding that chanoclavine-I in 
all four experiments has a higher T/"C ratio than the 
precursor. A systematic experiment with {3K,4K)- 
mevalonic-2-"C-4-< acid (Table VI) indicates that 

Table VI. Incorporation of (3«,4/?)-Mevalonic-2-"C-4-/ Acid 
Itn Clavi ne Alkaloids by Claviceps Strain SD 58 (Exper.ment 9)' 

" ~" r^HAr^ T ratn °7 

Compd 
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because the competition would now be between tritium 
and deuterium rather than between tritium and hy- 
drogen. An indication that this might be the case can 
already be seen in experiments 3 and 4 (Table I). These 
two experiments are identical except for the fact that 
the mevalonate added in one case was all (except for 
the traces of radioactive material) mevalonate-J'^-rfs 
whereas in the other it was a mixture of equal parts of 
pentadeuterated and nondeuterated material. In the 
latter case chanoclavine-I has a tritium retention of 
141%, which in the presence of all deuterated mevalo- 
nate is decreased to 127%. Experiments 10-13 (Table 
VII) with mevalonate-^2 show the same trend. The 

Table VII. Tritium Retention in Clavines from 

(IRAK) Mevalonate-2-»C-4-f in the Presence of Deuterated 

Carrier Mevalonate a . 

Elymo- Chano- 
T/ 14 C clavine clavine-I 
of T T 

meva- retn, retn, 

Additive lonate T/"C % T/ l3 C % 



T/ 14 C Tretn, % 



Precursor 
Agroclavine 
Elymoclavine 
Chanoclavine-I 
( — )-Chanoclavine-II 
Isochanoclavine-I 



5.00 
3.14 
2.61 
7.29 
5.25 
4.97 



63 
52 
146 
105 
99 



« Total alkaloid formed 126.5 mg, 14 C incorporation 13.75%. 

chanoclavine-I is the only clavine showing this be- 
havior The tetracyclic clavines show the usual de- 
crease in the T/"C ratio and the other two chano- 
clavine isomers, which are not precursors for the tetra- 
cyclic alkaloids, have the same T/ 14 C ratio as the start- 
ing mevalonate. 19 This result implies that an isotope 
effect operates in the further metabolism of chano- 
clavine-I which leads to enrichment of tritium in the 
unreacted chanoclavine-I. This requires the addition of 
another hydrogen at C-9, followed by competition be- 
tween these two hydrogens in a subsequent elimination 
step and complete reversibility of the entire reaction 
sequence from chanoclavine-I to this elimination step. 
The following system would satisfy these requirements. 



IV 

D ,/k/ NHCH, 



NHCH 3 




R' 

NHCH 3 



+ • X-T 



Elimination of X-H would be favored over elimination 
of X-T, increasing the relative rate of back reaction for 
those molecules of the addition product which were 
generated directly from tritiated precursor. If this is 
true, addition of X-D instead of X-H should decrease 
the enrichment of tritium in unreacted chanoclavine-I, 

(19) The same experiment was carried out by Axigoni and coworkers 
with a different ergot strain and produced almost identical results. We 
thank Professor Arigoni for informing us of his results. 



Expt 
no. 



10 186 M mol meva- 2.50 1.58 63 2.84 114 

lonate-4-^2 

11 Same as 10 2.46 1.65 67 2.87 17 

12 93 Mmol mevalonate- 2.56 1.50 59 3.19 125 

4-di + 93 /imol 
unlabeled meva- 

lonate 

13 Same as 12 2.36 1.55 66 3.08 130 



• In each experiment 4.5 X 10 6 dpm '«C precursor were fed. 

tritium retention in chanoclavine-I of 125 and 130% in 
the presence of equimolar mixtures of deuterated and 
nondeuterated mevalonate is decreased to 114 and 
117% upon adding only deuterated mevalonate. 
Somewhat surprisingly the tritium retention of elymo- 
clavine shows little change. It will be noted, of course, 
that these four experiments also again support the idea 
of an intermolecular transfer of the hydrogen at C-9. 
Since the tritium and the deuterium as well as the 1 C 
are present strictly in separate molecules, the ob- 
served effect can only have come about if deuterium 
(or tritium) had been transferred into different mol- 
ecules. 

The loss of one of the labeled hydrogens from C-17 of 
chanoclavine-I during the conversion into tetracyclic 
ergolines can be explained if one assumes that this 
hydroxymethyl group goes through the oxidation stage 
of an aldehyde in the process. To examine this pos- 
sibility we prepared chanoclavine-I-aldehyde. Treat- 
ment of chanoclavine-I with MnO, in acetone at room 
temperature gave no reaction, but upon refluxing the 
mixture for 45 min the aldehyde was produced in 50- 
607 yield It was purified by preparative layer chro- 
matography and could be converted back into chano- 
clavine-I by reduction with NaBH 4 . Its structure was 
proven 6 on the basis of the spectroscopic data given m 
the Experimental Section, which are in agreement with 
literature data of tricyclic and tetracyclic ergolines. ■ • 
A sample of chanoclavine-I-aldehyde tritiated at C-W 
was then prepared by reducing nonlabeled aldehyde 

(20) M. Barg*. J. A. Weisbach, B. Douglas, and G. O. Dudek, 
Chem Ind. (London), 1072 (1965). _ ia , 
(20 D. Stauffacher and H. Tscherter, Helo. Ch,m. Acta, 47, 2186 

(1964). 
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with NaBH 4 -, and reoxidizing the tritiated chano- 
• clavme-77-/ with Mn0 2 . This material was fed to two 
cultures of Claoiceps strain SD 58 and as a control 
two parallel cultures received chanodavine-I-/7-/ (ex- 
periments 14 and 15, Table III). The incorporation of 
tritium from the aldehyde into elymoclavine was about 
four times higher than that from chanocIavine-I-77-/ 
Even after correction for loss of half of the tritium from 
chanodavine-I-77-/ in the process, the aldehyde is 
stdl twice as efficient as chanoclavine-I as a precursor 
mi y 7t Vme - The Wgh me ° f Operation leaves 
£ mZa m ^ VCry dirCCt P recur sor relationship of 
the aldehyde Degradation of the elymoclavine from 
experiment 14 (Table IV) confirmed that the tritium 
was entirely located in the expected position and thus 
indicated that the incorporation of the aldehyde was 
specific A complete repetition of these two experi- 
ments (experiments 16 and 17, Table III and IV) pro- 
duced very similar results. In another experiment it 
was examined whether the hydrogen at C-17 of chano- 
clavine-I-aldehyde is completely retained during the 
conversion into elymoclavine. Within the limits of 
experimental error this seems to be the case, since 
chanoclavme-I-aldehyde-HC-/^^ prepared by oxicC 
tion of chanoclavine-/-"C-/7-/ (T/"C = 3 50) is in 
corporated with little change of the T/»«C ratio (ex- 
periment 18, Table III). "iHMex 
i To f ur fher confirm that the loss of one of the methy- 
lene hydrogens from the hydroxymethyl group of 
chanoclavme-I is not merely an unphysiological process 
which occurs when the alkaloid is added to the cultures 
we fed mevalonate-J'-rf, (>98% D 3 ) and determined 
the number of deuterium atoms in chanoclavine-I and 
elymoclavine. The precursor was synthesized by re- 
action of the THP ester of acetic acid-</ 4 with allyl- 
magnesium bromide, followed by ozonolysis of the 
resulting methyldiallylcarbinol and reductive cleavage 
of the ozomde with NaBH 4 . 22 The final oxidation of 

Sfr, 5 yIpentane " Ij3 ' 5 - trio1 with si,ver carbonate- 
Cehte" did not work in our hands, but oxidation with 
Cr0 3 m acetic acid as described by Goeggel 23 did oro- 
duce mevalonolactone, albeit in low yield. This 
material (570 M mol, as sodium salt) was fed to 40 ml 
replacement cultures and the resulting chanoclavine-I 

Sah^^T wereana, y zed by. mass spectrometry 
(table VIII). It , s evident that while chanoclavine-I 

JX mL . D . euter r ium Distr 'bution (%) in Chanoclavine-I 
?nd Elymoclavine after Feeding Mevalonate-JV, to 
C/aviceps Strain SD 58 . ' 



etymoclavine can be accounted for by the known* s]io , 
(5-10%) scrambling of the label between the J?* ' 
atoms derived from C-2 and C-3' of mevalonic 1°° 
In support of this, the 220-MHz »H nmr spectrum on?" 
elymoclavine integrates for about 12.5% D in th- n 6 

(37.8 %) resides m the equatorial hydrogen at C-7tt£ 
ppm) with little or no deuterium (5.5%) i n the a • 
hydrogen (3.08 ppm). " Thus the deuterium otu? 
the pro-lS ^position whereas the newly introduced P h? 
drogen is the pro-lR hydrogen. hy - 

Discussion 

The results of this study clearly indicate that cha™ 
clayine-I-aldehyde can be efficiently and spec fical y " n °- 

The fact that it ,s a more efficient precursor than S 

fZ me A fi f nd l n8 that the latter is incorporated w "tt 
loss of half of the tritium from the hydroxymeS 
group, and the observation that mevalonate-i'-Z Z 

£ r S!, V,ne " W! but ^oclavine-^ all IU J2 
that the aldehyde is a normal intermediate in the pfth 
way. The conversion of chanoclavine-I into elymo- 
clavine could then be written as shown in SchemeTv. 
Scheme IV 
OH 





Chanoclavine-I 



Labeled species in- 



Elymoclavine 



Do 
Di 
D 2 
D, 



21.7 
11.3 
63.0 
4.0 



28.2 
67.9 
3.9 



consists of predominantly dideuterated molecules, the 
deuterium in elymoclavine is present almost exclusively 
in monodeuterated molecules. The presence of about 
«/o U 3 species in chanoclavine-I and D 2 species in 

(1969). **■ FetiZ ° n - M G0,fier ' and J - M - Louis - Chem. Commun., 1 118 
(23) H. Goeggel, Ph.D. Dissertation No. 3923, ETH Zurich, 1966. 
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The double bond isomerization would take place at the 
aldehyde stage leading to isochanoclavine-I-aldehyde 
which by Schiff base formation and reduction would give 
rise to agroclavine. Presumably, isochanoclavine-I can- 
not be dehydrogenated to the aldehyde and is therefore 
not converted into agroclavine and elymoclavine. 
Alternatively, as discussed below, the cyclization could 
lead directly to the carbinolamine. However, there is 
no definitive evidence that the reaction really proceeds 
through chanoclavine-I-aldehyde and this pathway 
therefore still has to be considered as hypothetical. 

elv£oclI^L n r?H iCal , I d i SCr t Pancy With the »P«traI analysis of 

S ™ fP uld 7" ** .** result of an isotope efTect. As the frag- 
from C 7 w£i el h yrao , t ?? vme ™t '^ly initiated by loss of a hydrogen 
to X f'J;Z V V" *"* san, P le r carried both H and D, one might expect 
to find a too high percentage of D, species in the molecular ion 
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% t example, the aldehyde could be reduced to chano- 
1 vine-I and then be converted to tetracyclic ergolines 
hv a different route. A number of trapping experi- 
ments, in w hich labeled aldehyde was fed together with 
m nlabeled chanoclavine-I and vice versa and the un- 
f beled component reisolated to determine whether it 
had acquired radioactivity, did indicate some conversion 
f aldehyde to chanoclavine-I but were inconclusive 
°eearding the formation of the aldehyde from chano- 
clavine-I, because we were unable to recover any alde- 
hyde from the cultures. If the added aldehyde were 
indeed incorporated via chanoclavine-I, the loss of half 
of the tritium from C-17 of chanoclavine-I would 
require a different explanation. A very rapid redox 
reaction either at the stage of chanoclavine-I or at the 
tetracyclic stage could account for this finding, provided 
the tritium on the reduced form of the coenzyme could 
rapidly equilibrate with a large pool of nonlabeled hy- 
drogens. Such a rapid exchange is unlikely at the 
chanoclavine-I stage, because in experiments 1-4 
(Tables I and II) the chanoclavine-I isolated contains 
the majority of its deuterium in trideuterated molecules 
and because the material from mevalonate-3 '-t/ 3 is 
largely dideuterated (Table VIII). There appears to be 
no experimental data which would allow an evaluation 
of the possibility of exchange at the agroclayine or 
elymoclavine stage. However, this alternative ex- 
planation of the experimental observations, although it 
cannot be excluded, seems to be considerably less 
likely. 

The data on the mechanism of the double bond 
isomerization seem to clearly support the involvement of 
an intermolecular hydrogen transfer. While the experi- 
ments with mevalonate-J',4-^5 are little more than 
indicative, the results of the feeding experiments with a 
mixture of mevalonate-2- l3 C and -4-d- 2 can hardly be 
explained in any other way, and the conclusion is further 
supported by the effect which mevalonate-4-c/ 2 has on 
the tritium enrichment at C-9 of unreacted chano- 
clavine-I. An intermolecular hydrogen transfer re- 
quires that the enzyme either binds two molecules of 
substrate and transfers a hydrogen directly between 
them or, more likely, that the hydrogen is transferred 
from one substrate molecule to some acceptor, where it 
undergoes only little equilibration with other hydrogens 
while the product dissociates from the enzyme, and then 
back to a newly bound molecule of substrate. If the hy- 
drogen is transferred as a hydride, the assumption of only 
limited equilibration with other hydrogens presents no 
problem. However, even if the hydrogen is transferred as 
a proton, the assumption of only limited exchange with 
solvent protons during almost one entire cycle of the en- 
zyme reaction is not unreasonable in view of the recent 
demonstrations of such very slow proton exchanges, for 
example, in the aconitase reaction 25 and in the fumarase 
reaction. 26 Scheme V, which is more or less a modi- 
fication and extension of the original Scheme II, rep- 
resents an attempt to accommodate all these various 
results and considerations in one chemical mechanism. 
Other schemes can certainly be drawn which also 
account for all the observations, and we do not mean to 
imply that the one outlined here is necessarily the best 

(25) I. A. Rose and E. L. O'Connell, J. Biol. Chem. y 1870 (1967). 

(26) J. N. Hansen, E. C. Dinovo, and P. D. Boyer, J. Biol. Chem., 
244, 6270 (1969). 



or the only one to describe this process. For example, 
all the data can also be accommodated by a mecha- 
nism involving reversible 1,4-reduction of the a,j8-un- 
saturated carbonyl system of the aldehyde. Modifying 
Scheme II to account for an aldehyde intermediate 
obviously presents the problem of having to carry out 
an addition of X-H across the double bond in an "anti- 
Michael" direction. However, this problem can be 
overcome; by suitably masking the carbonyl group on 
the enzyme. In the proposed model the ^-unsatu- 
rated carbonyl portion of the substrate would insert into 
the crevice of the enzyme in such a way that the groups 
— Y: and — B:H of the enzyme are situated on one 
side of the plane of the ir system and the groups — X : 
anc j — ^:H on the other. Following binding through 
— Y: and —X: and protonation of the oxygen and 
C-9, partial rotation around the C-8/C-9 axis on the side 
opposite — B: will bring N-6 in proximity to the alde- 
hyde carbon and the group — A: on the enzyme. The 
nitrogen atom could thus transfer its proton to — A: 
and displace — Y: at the aldehyde carbon atom (path- 
way a). Subsequent removal of —X: and the aster- 
isked hydrogen from C-9 would then release the car- 
binolamine from the enzyme. — B:H* would then 
introduce the original hydrogen (H*) from C-9 of this 
chanoclavine molecule into the next molecule of sub- 
strate which binds to the enzyme. As an alternative, 
the reaction sequence may lead to the release of iso- 
chanoclavine-I-aldehyde rather than the carbinolamine 
from the enzyme as shown in pathway b. One of the 
attractions of this scheme is that it explains readily the 
occurrence of an isotope effect leading to tritium enrich- 
ment in unreacted chanoclavine-I without any need of 
resorting to nonstereospecific reactions. All that is 
required is that every reaction in the scheme and also 
the conversion of chanoclavine-I to the aldehyde is 
reversible and that the elimination of a proton from 
C-9 (at least in the forward reaction) occurs in a rate- 
limiting step. Both these are entirely plausible assump- 
tions. 

Finally, let us consider some of the other mechanisms 
which have been proposed for the formation of ring D 
in light of the above data. Clearly, mechanisms which 
involve isomerization and ring closure merely via forma- 
tion of a carbonium ion at C-17, as both Agurell 4 and 
we 27 have discussed, are insufficient to account for the 
new data. Ogunlana, et a/., 28 obtained a cell-free sys- 
tem from Claviceps which converted chanoclavine-I, but 
not agroclavine, into elymoclavine in the presence of 
oxygen, ATP, Mg 2 + and NADPH. On the basis of 
these findings they propose a mechanism which in- 
volves (1) phosphorylation of the hydroxyl group, (2) 
double bond shift from the 8,9 to the 7,8 position, (3) 
epoxidation of the 7,8 double bond, (4) elimination of 
phosphate and reaction of the resulting carbonium ion 
with N-6, (5) opening of the epoxide ring with loss of a 
proton from either C-9 or from the original C-17 
followed by shift of the double bond into the 8,9 posi- 
tion. This mechanism is difficult to reconcile with the 
above data. To account for the intermolecular hydro- 
gen transfer, steps 2-5 would all have to occur at the 
same active site of just one enzyme, which is not a very 

(27) H. G. Floss, U. Hornemann, N. Schilling, D. Groger, and D. 
Erge, Chem. Commun., 105 (1967). 

(28) E. O. Ogunlana, B. J. Wilson, V. E, Tyler, and E. Ramstad, 
Chem. Commun., 775 (1970). 
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likely prospect. To account for the isotope enrichment 
in unreacted chanoclavine-I, all the steps would have 
to be completely reversible, which is even less likely. 29 " 32 
Another mode of cyclization of the tricyclic to the tetra- 
cyclic ring system involves the transformation of di- 
hydrochanoclavines into dihydroagroclavines in Clavi- 
ceps, which has recently been demonstrated by Voigt 
rand coworkers." The idea of cyclization at the di- 

(29) Groger and coworkers* 0 have since obtained a cell-free system 
from Claviceps which cyclizes chanoclavine-I under conditions similar 
to those of Ogunlana, et a/. » but produces only agroclavine rather than 
elymoclavine. Their system is not oxygen dependent and does convert 
chanoclavine-I-aldehyde to agroclavine. We" have also obtained a 
cell-free system from Claviceps strain SD 58 which converts chano- 
clavine-I into tetracyclic ergolines, but our system produces both agro- 
clavine and elymoclavine and, unlike that of Ogunlana, et at., also con- 
verts agroclavine into elymoclavine. The difference seems to be pri- 
marily in the relative amount of agroclavine hydroxylase" present in 
the system. We therefore see no need to invoke a mechanism for the 
direct formation of elymoclavine from chanoclavtoe-I without agro- 
clavine as an intermediate. , amv _ _ 

(30) D. Grbger and P. Sajdl, Pharmazie, 27, 188 (1972); D Erge, 
W. Maier, and D. Groger, Biochem. Physiol. Pflanz., 164, 234 (1973). 

(31) P. F. Heinstein, R. Ledesma, and H. G. Boss, unpublished re- 

^02) J. C. Hsu and J. A. Anderson, Biochim. Biophys. Acta, 230, 518 

(19 (33)* R. Voigt and P. Zier, Pharmazie, 26, 494 (1971); R. Voigt, P. 
Zier, and G. Rabitzsch, ibid. t 27, 175 (1972). 



hydro stage is not incompatible with most of the above; 
results, if one assumes that reduction, ring closure, and • 
dehydrogenation ail take place reversibly on the same 
enzyme; i.e., the dihydro alkaloids would probably not 
be free intermediates. However, Voigt's group has not 
observed formation of agroclavine in their experiments 
and we are therefore inclined to consider the cyclization 
at the dihydro stage as not to be involved in the trans- 
formation of chanoclavine-I to agroclavine. This 
view is supported by recent experiments of Groger, 
Voigt, and their coworkers. 34 

Experimental Section 

Feeding Experiments. Claviceps sp., strain SD 58 ».« was used 
throughout this study. The organism was grown in shake culture 
at 25° in 500-ml Erlenmeyer flasks containing 100 ml of medium 
NL 406** " for 5 days before the addition of labeled precursors. 
The normal feeding experiments (experiments 5, 8, 9, 14-18) were 
carried out and the alkaloids were isolated from them exactly as 
described previously.'." All alkaloid samples were purified to 
constant specific radioactivity or constant T/"C rauo either by 



(34) S. Johne, D. Groger, P. Zier, and R. Voigt, Pharmazie, 27, 801 

a9 (35)*D.GrbgerMrcA. Pharm., 292, 389(1959). « ia , 10 «* 
(36) H. G. Boss and D. Groger, Z. Naturforsch. B t 18, 519 (1963). 
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^taUization (if necessary with carrier) or by repeated chro- 
^praohy in different systems. For replacement cultures 
mat ^a were grown in NL 406 to the age of 5-7 days, filtered and 
myC £d with water under sterile conditions, and resuspended at 
W ^ the ratio of cells to medium in either fresh medium NL 406 
m wntsl 2 6, 7, 10-13 and experiments with mevalonate-4-^ 
(0 fW or V l5 M phosphate buffer (Soerensen), pH 7.3 (expen- 
and ; l 1 4) Labeled precursors were then added immediately 
mC H the cultures were incubated with shaking for another 3 days 
SJff replacement) or 7-8 days (medium NL 406 replacement^ 
Si the replacement experiments the alkaloids were extracted 
Sth 2-propanol^hloroform from the alkahnized culture filtrate 
r^rthioned between 2% succinic acid and methylene chloride. 
uSv instead of the usual column chromatography they were 
SrSed by preparative tic on silica gel H with ethanol- 
SrSrm 1 :3 as the developing solvent. Except in experiments 
7»nd 4 the alkaloids were then rechromatographed on silica gel H, 
LTnoclavine-I with r^-butyl alcohol-CHCl 3 1 :3 in an atmosphere 
ThH, and elymoclavine and penniclavme with ethyl acetate- 
^rnol-dimethylformamide 85:10:5 as developing solvents^ 
The alkaloids were eluted from the silica gel with 2% succinic acid 
n «d the eluate was extracted twice with ether (reagent grade), made 
Valine with concentrated NH 4 OH, and extracted five times with 
fml of ether. These operations were carried out in test tubes 
u< ne Pasteur pipets for the transfers in order to avoid _ contamina- 
te with silicone grease or plasticizer. The combined second 
ether extract was dried over sodium sulfate and evaporated to 
dryness The samples were then taken up in a small amount ot 
methanol and evaporated in melting point capillaries for mass 

S ^h?amount S of total alkaloid formed was determined colori- 
metrically with /,-dimethylanunobenzaldehyde 3738 and is expressed 
as milligrams of elmoclavine (mol wt 254). /1n ._. 

Labeled Precursors. (3i*,S)-Mevalonic-2-i*C acid (3K4K)- 
mevalonic-4-/ acid, and NaBHw were obtained from Amersham- 
Searle, Inc. and sodium acetate-2-"C and acetic-^ acid from Pro- 
chem Ltd. Chanoclavine-I-»C has been W^ttei^ from 
tryptophan- 1 ^ using Claviceps paspali strain Li 342/SE 156 ana 
was a gift from Professor Groger, Halle. Mevalonic-^ acid 
dibenzylethylenediamine salt (mp 120°) was synthesized by the 
method of Corhforth, et from methyl bromoacetate which in 
turn had been prepared from acetic-^ acid. 

Mevalonic-i',^ Acid. ia-Oimethoxybutan-3-one (39^6 g) 
(Chemische Fabrik Hiils, Marl, Germany), 60 ml of D 2 0 (99.7% U) 
and 3 g of potassium carbonate were heated to 80° for 8 hr with 
protection from atmospheric moisture. The mixture was then 
extracted with ether, the ether evaporated, and the exchange re- 
peated twice. Extensive decomposition took place during the 
exchange as evidenced by the appearance of a red color and a 
crystalline product in the reaction mixture. After the third ex- 
change the product was distilled (71-72°, 14 Torr) and combined 
with that from a second identical run to yield 15.7 g of material 
which by m nmr analysis contained -100% D in the methylene 
group and 86.5% D in the C-methyl group. This material was 
subjected to one more exchange with 40 ml of D 2 0 and 2 g ot 
potassium carbonate at 80° for 15 hr. Extraction and distillation 
gave 3.95 g of l,l-dimethoxybutan-3-one-2,4-</ 5 , which according 
to the mass spectrum contained 78.2% D 5 , 13.3% D 4 , 6.4% D 3 , 
and less than 1% each of D 2 , D x , and D 0 species. Reformatzki 
reaction of 3.8 g of this acetal with ethyl bromoacetate according to 
Cornforth, et aL^ gave 2.175 g of 3-hydroxy-3-methyl-5 5-di- 
methoxyvaleric acid ethyl ester (bp 69-73°, 10~ 3 ^34.3% 
yield), which was converted into mevalonic-.?',^ acid dibenzyl- 
ethylenediamine salt (mp 121-121.5°, 19.4% yield) as described 
by Eggerer, et al? Analysis by mass spectrometry as the lactone 
indicated the presence of 82.2% D 5 , 8.9% D<, and 8.9% D 3 species 
and essentially no di-, mono-, or undeuterated species. Averaged 
with the figures for the l,i-dimethoxybutan-3-one the mevalonic 
acid was assumed to consist of about.80% D 5 , 11%D 4 ,7/^ D 3 , and 
<l%eachofD 2 ,Di, and Do species. ■ 
MevaIonic-2- l3 C Acid. 14 Sodium acetate-2- l3 C (0.5 g = 6 mmol, 
86.8% enrichment) was converted into ethyl acetate-2- 13 C by the 
method of Ropp. 39 This was then distilled under vacuum into a 
suspension of lithium amide in 100 ml of liquid ammonia (pre- 
pared from 173 mg of lithium and 25 mg of Fe(N0 3 ) 3 *6H 2 U), 
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which was cooled with liquid nitrogen. The mixture was then 
placed in a bath at -40° and stirred for 30 min. One gram of 
1 l-dirriethoxybutan-3-one was then added and the reaction mixture 
was stirred at -40° for another 2 hr. Following neutralization 
with 2.4 g of NH 4 C1 the ammonia was evaporated while 200 ml of 
ether was added, followed by 30 ml of H 2 0. The ether and the 
aqueous layer were separated and the aqueous phase extracted 
continuously with ether for 4 hr. The combined ether extracts 
were evaporated and then dried further at 10" 2 Torr to give 646 mg 
(50% yield) of ethyl 5,5-dimethoxy-3-methyl-3-hydroxyvalerate- 
2- u C as a yellowish oil. The structure of this intermediate and 
the presence and location of the l3 C were confirmed by l H nmr. 
The ester acetal was hydrolyzed with a solution of 1 g of Ba(OH) 2 * 
8H 2 0 in 12 ml of H 2 0 for 4 hr at 40°, the excess Ba 2+ was then 
removed by addition of Dry Ice and after filtration the solution 
was evaporated to dryness under vacuum. The residue and 375 
mg of NaBH 3 CN w were dissolved in 5 ml of methanol containing 
a drop of methyl orange indicator, and 2 N HC1 was added dropwise 
with stirring to maintain the red color of the indicator. After 15 
min 35 ml of 0.1 N citrate buffer, pH 2.7, was added and stirring 
was continued for 48 hr at room temperature. Two milliliters of 
5 N HC1 were then added and the solution was saturated with 
NaCl and continuously extracted with ether for 5 hr. The ether 
extract was dried with Na 2 S0 4 and evaporated to dryness. The 
residue was converted to the dibenzylethylenediamine salt of 
mevalonic-2- l3 C acid by the method of Eggerer* et al? The yield 
by titration was —100% and as crystalline product (due to losses) 
10 3 %' mp 1 23 0 

Me°valonic-5'-i Acid. 22 * 23 To a mixture of 38 g of dihydropyran 
and 30 mg of /7-toluenesuifonic acid was added slowly with cooling 
18 g of acetic-*/* acid. After 1 hr at room temperature, this mixture 
was diluted with an equal volume of ether and added dropwise 
with stirring and ice cooling to a Grignard solution prepared from 
60 5 g of magnesium turnings and 181.5 g of freshly distilled allyl 
bromide in 750 ml of dry ether. The reaction was stirred for 1 hr 
at room temperature, then cooled and treated with ice and satu- 
rated NH4CI solution, and the aqueous phase was extracted four 
times with ether. The ether extract was washed with dilute 
NaHC0 3 solution and water, dried with Na 2 S0 4 , and distilled 
in vacuo. After removal of the volatile materials, the fraction 
distilling at 54-71° (10 mm) was collected and redistilled at atmo- 
spheric pressure (bp 151-155°) to give 23.0 g of methyldiallyl- 
carbinol (63.3%). This material was dissolved in 150 ml of 
methanol, ozonized for 10 hours with ice cooling, and then treated 
in portions with 10 g of NaBH 4 with good cooling. Water was 
added and the mixture was washed through a column of 250 g ot 
Dowex 50 H + . The effluent and washings were evaporated in a 
rotary evaporator; methanol was added to the residue several 
times and evaporated again. In the last evaporation the tempera- 
ture was raised to near 100°. The residue consisted of 12.4 g of 
3-methylpentane-l,3,5-triol (50.6%). The product was dissolved 
in 80 ml of glacial acetic acid and added slowly with stirring and 
slight water cooling to 13.6 g of Cr0 3 in 800 ml of glacial acetic 
acid and 17 ml of H 2 0. The mixture was left for 15 hr at room 
temperature; 35 ml of methanol and 1.7 L of water were then 
added and the solution was extracted continuously with ether for 2 
days The extract was evaporated on a rotary evaporator and 
benzene was added to the residue several times and evaporated 
again The residue was taken up in 50 % ethanol and titrated with 
0 4 AT Ba(OH) 2 ; the equivalent amount of dibenzylethylenediamine 
sulfate was added as a saturated aqueous solution and the barium 
sulfate was removed by centrifugation. After evaporation of 
the solution to dryness the residue was crystallized from methanol- 
ether to give 1.3 g of crude DBED-mevalonate (5.2%). Repeated 
recrystallization gave pure material of mp 124-126°. 

Chaftoclavine-I-17-/. Seventy milligrams of chanoclavine-1 was 
dissolved in 1 ml of acetic anhydride at room temperature and the 
solution was immediately evaporated to dryness on a rotary 
evaporator. The residue was taken up in 2 ml of ethanol, evaporated 
again, and then chromatbgraphed on a column of 10 g of A1 2 U 3 
(Brockniann) with chloroform containing 0.5% methanol as tne 
developing solvent. The fractions containing Ar-acetylcnano- 
clavine-I were combined and evaporated to give 51.3 mg (by 
colorimetry) of product: The latter was dissolved in 10 ml ot 
anhydrous acetone and stirred with 490 mg of MnQ 2 " for 5 hr at 



(37) H.W.vanUrk^/rarm. WeekbL, 66, 473 (1929). 

(38) M. J, Smith, Pub. Health Rep., 45, 1466 (1950). 

(39) G. A. Ropp, J. Amer. Chem. Soc, 72, 2299 (1950). 



(40) R. F. Borch, M. D. Bernstein, and H. D. Durst, X Amer. Chem. 

5 °(41) 3 J . AUenblVrow, A. F. B. Cameron, J. H. Chapman R M. Evans, 
B. A. Hems, A. B. Jansen, and T. Walker, /. Chem. Soc, 1 104 (1952). 
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" Table IX, *H Nmr Spectral Data of Chanoclavine-I-aldehyde 



Compd 



C-CH 3 N-CH 3 4-CH 2 , 5-CH IO-CH Cft-OH 9-HC=C- Arom H 



Chanoclavine-I 
Chanoclavine-I- 
aldehyde 



2.1 (br, s) 
.2.08 (br, s) 



2.67 (s) 
2.51 (s) 



3.1-3.9 (m) 
2.8-3.6 (m) 



4.50 (m) 
4.40 (m) 



4.42 (br, s) 



5.94 (m) 
6.75 (m) 



7-7.7 (m) 
6.8-7.7 (m) 



Indole H C^^qj 



11. 6 (m) 
11 .1 (m) 



9.74 



room temperature. After filtration, the solution was evaporated 
and the residue crystallized from chloroform-hexane to give 48.8 
mg of slightly impure A^-acetylchanocIavine-I-aldehyde, 9 which was 
used without further purification in the next step. 

The aldehyde (48.8 mg) was dissolved in 2 ml of tetrahydrofuran 
(freshly distilled over NaBH<), and 10 p\ of 1.25 M aqueous NaBH 4 
solution was added, followed 30 min later by 100 mCi of tritiated 
NaBH 4 (16 Ci/mmol, 6.25 M mol). The tritiated material was 
added as a solid and the ampoule containing it was then rinsed with 
an aliquot of the reaction mixture and then with 0.1 ml of H 2 0. 
The combined solutions were kept for 1.5 hr, when 100 /xl of 1.25 M 
NaBH< (unlabeled) was added. After another hour 2 ml of H 2 0 
were added, the mixture was extracted with ether, and the ether 
extract was dried over Na 2 S0 4 and evaporated to dryness. The 
residue was chromatographed on a column of 20 g of A1 2 0 3 (Brock- 
mann), which was eluted first with chloroform and then with 
chloroform containing 0.5% methanol. As before, the fractions 
containing W-acetylchanocIavine-I were combined and evaporated 
to dryness to give 95 mCi of oily product which crystallized in the 
freezer. Thm-layer chromatography at this point indicated the 
presence of a single radioactive component, which coincided in R t 
with the only van Urk-positive spot on the chromatograms and 
with authentic W-acetylchanoclavine-I. In view of the very poor 
yield in the next step, later preparations of chanoclavine-I-/7-/ 
involved the direct reduction of chanoclavine-I-aldehyde (see below) 
rather than the acetyl derivative by exactly the same technique. 

A portion of the Macetylchanoclavine-I-y;-/ (76 mCi = 1 67 X 
10 11 dpm) was heated with 1.5 ml of ethanol and 0.5 ml of 10 N 
aqueous KOH in an evacuated, sealed tube for 2 hr at 170°. The 
black reaction mixture was diluted with water and extracted with 
chloroform. Tic of the extract showed that most of the radioac- 
tivity was still associated with unreacted A^-acetylchanoclavine-I, 
some with a new less polar compound, and only very little with 
chanoclavine-I. To separate the latter from starting material 
the chloroform solution was extracted with 2% aqueous succinic 
acid solution, the aqueous phase made alkaline with NH 4 OH and 
the alkaloid reextracted into ether. Thin-layer chromatography 
at this point showed about equal amounts of radioactivity associated 
with AA-acetylchanocIavine-I and chanociavine-I. The latter was 
then purified to radiochemical homogeneity by successive prepara- 
tive layer chromatography on silica gel H (Merck), first with tert- 
butyl alcohol-CHCl 3 1 :3 in an ammonia atmosphere and second 
with CHCl 3 -ethanol 1 :1 as developing solvents. The final yield of 
cnanoclavme-I-77-f was 5 X 10* dpm (0.3%). 

Chanoclavine-I-aldehyde. Chanoclavine-I (32 mg), 450 mg of 
Mn0 2 ," and 150 ml of acetone were refluxed for 1.5 hr when tic 
indicated that all of the chanociavine-I had been reacted The 
manganese dioxide was filtered off, the pale yellow solution evapo- 
rated to dryness, and the residue subjected to preparative layer 
chromatography (silica gel H, CHCl 3 -methanol 7:3). The band 
at R t 0.5 (blue-green color with p-dimethylaminobenzaldehyde) 
was eluted with methanol to give 24.5 mg (76%) of chanoclavine-I- 
aldehyde: average yields range from 50-80%; mp 119-123° 
(,ro ™ ™ c, r hexane ): uv (ethanol) (log e) 227 (4.57), 276 
nm (3.91); , r absorptions (CHC1,) 2.87 (N-H, medium), 5.92 u 
(0=0 strong); ORD (c 0.003, pyridine) [aU -52.6° (maximum, 
i2 a i Z\ /?^ n , eff ? Ct) ; maSiS svxt™™ ™le (composition, intensity) 
^« 3 ,i 10Q) " (calGd f0r 254.1419), 237 (C 16 H 17 N 2 

(50), 167 (C I2 H 9 N, 46), 155 (C„H 9 N, 54), 154 (C„H S N, 62); >H 
^py* spectrum (pyridine-^) the *H nmr data for chanoclavine-I- 
auienyde and, for comparison, chanoclavine-I are shown in Table 

For the preparation of chanoclavine-I-aldehyde-/7-/ and - 14 C-77-/ 
the correspondingly labeled chanoclavine samples were oxidized 
as above In the case of the double labeled material, chano- 
l"; K ofT ( 14C - 3-50 gave aldehyde of T/^C = 1.78, confirming 
mat all the tritium was present at C-17. 

Nonlabeled chanoclavine-I used as starting material was obtained 
in two ways. The first samples were isolated from the fermentation 
orotn of Claviceps paspali strain LT342/SE 156" and were a gift 



from Professor Groger, Halle. Later, further quantities 
prepared chemically from elymoclavine by conversion to N 
* me hysecoelymoclavine,^ which was then demethylated wkh 
diethyl azodicarboxylate as described by Fehr 9 to give ch*n? 
clavine-I in about 20-30% overall yield. no ' 
Degradation of Elymoclavine. Degradations to determine th*. 
amount of tritium present at C-7 of elymoclavine were carr pH 
out as described earlier. 5 llBa 
General Techniques. >H nmr spectra were recorded on a Jenl 
MH 60, a Varian XL-100, or a Varian HR-220 nmr spectromS 
using tetramethyisilane as internal standard, ir spectra on a Perkin 
Elmer Infracor.d, uv spectra on a Beckman 124, and ORD spectra 
on a Cary 60 instrument. Low resolution mass spectra were ob- 
tained on a Hitachi RMU-6 and a CEC 21 10 spectrometer The 
latter was also used for the high resolution spectra. For quantita 
tive isotope analyses, several slow scans of the molecular ion region 
were usually recorded at low electron voltage. Radioactivity 
determinations were done by liquid scintillation counting in a 
Beckman LS 100 scintillation counter, using PPO and dimethyl- 
POPOP in toluene as scintillator solution and internal standardiza- 
tion as the means of determining counting efficiencies. Radio- 
activity on chromatograms was located by scanning in a Packard 
Model 7401 radiochromatogram scanner. Indolic compounds on 
chromatograms were visualized by spraying with van Urk's spray 
reagent (1 g of ^-dimethylaminobenzaldehyde in 10 ml of H,0 and 
20 ml of concentrated HC1). 

Calculation of Isotope Composition from Mass Spectral Data. 
The actual isotope composition of deuterium- and/or u C-labele(j 
compounds was calculated from the intensities of the molecular ion 
and its isotope satellites of the labeled compound and the corre- 
sponding unlabeled compound, using Biemann's formulas 42 for the 
correction for natural isotope abundances. Biemann's formula 
for the correction in the presence of an M - 1 peak did not work for 
elymoclavine in experiments 1-4; it gave large negative values for 
some of the isotopic species, possibly because of the presence of 
deuterium in positions from which a hydrogen might be elimi- 
nated (C-7). . This problem was not encountered in experiments 6 
and 7. To overcome the difficulty, all peaks were first corrected 
for the natural "C, 15 N 5 and content, using the theoretical 
values. Correction for the P - 1 contribution then involved a series 
of approximations in which the ratio of (P - 1)/P was varied, starting 
from the observed h^h^ ratio, until the intensity at 253 (M - I) 
became 0. The values derived in this way may be only approxi- 
mate, because the method of calculation includes the assumption 
that all peaks of the molecular ion region give a P - 1 peak in the 
same ratio, which may not be true in view of the presence of deu- 
terium at C-7. 

Estimations of the expected deuterium distributions in tetra- 
cyclic ergolines in experiments 1-4 are based on the observed dis- 
tribution in chanoclavine-I from the same experiment, on the 
experimentally determined tritium retentions, and on the knowledge 
(from the deuterium distribution in the precursor) that all chano- 
clavine-I molecules containing any deuterium will carry deuterium at 
C-9. For the case of the simple exchange at C-9, the fraction of 
each species corresponding to the tritium retention is retained and 
the rest is converted to the P - 1 species. For example, in experiment 
1 (53% tritium retention) 28.4% D 3 give 15.1% D 3 and 13.3% D 2 , 
12.4% D 2 produce 6.6% D 2 and 5.8% D^ 1.8% D lg ive 1.0% D x and 
0.8% D 0 . Therefore, the predicted distribution in the tetracyclic 
ergolines is 15.1% D 3 , 13.3% + 6.6% = 19.9% D 2 , 5.8% + 
1-0% = 6.8% Di, and 57.4% + 0.8%'= 58.2% D 0 species. To 
correct for the loss of one hydrogen from C-17, all the D 3 species 
in chanoclavine-I are converted to D 2 species. However, only 
half of the D 2 species will give rise to Dx species whereas the other 
half remains D 2 , because in the D 2 molecules only one of the two 
methylene hydrogens is replaced by deuterium and there is an almost 
equal chance of losing H or D. The D t species remain unchanged 
because they are only labeled at C-9. The resulting distribution 

(42) K. Biemann, "Mass Spectrometry, Organic Chemical Applica- 
tions," McGraw-Hill, New York, N. Y., 1962, pp 224-227. 
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~r«w for exchange or intermolecular transfer, 
is * en ^ toSk» fo^Ktermolecular transfer involves 
Rioting the istr^ution iment 1): (a ) remove one 

* ^^^StSStS^ specL to give 28.4% . 0. + 12.4% 
" tom 1 7? Do and 42.6% D which is tang transferred (b) ex- 

modules ftom a to 8.^4% X 22 .6% A ^ 

VAX - 22 -°I°^ y 22 67 = 13.4% Di, and 59.2% X 77.4% = 
1 9.6% D„ 5 a 9 n 2 J^ 2 d 2 d 6 is 7 ribu ion of 6.4% D„ 24.8% D„ 23.0% 
^gTmpSon is obviously only very approx.- 
Dl , and 45.8 %.D,. inis prea labe , ed to unlabe led 

mate since .t assumes tha the final throughout the expen- 

SS«S& transfer ^^^SSS^S^ 
he same process using the figures owameo * ernat ively, the 
S^J KEn^^^i. * used an! co, 
figures for the ^«™™™ C J deuter i um) giving a somewha dif- 
rected for ^^-^Qbviously, the number of assumptions 
ferent set of num °" S ; f io „^' t o 0 grea t to allow prediction of *c- 
^£2%*S££S£& by these two modes of calcu- 

^.™**»w^t££tZ£^ * at the *° tope 

The minimum value fo lows ; irom _i throughout the ex- 

jSS-iiSS£3£X a — - ■<= - 



. 1909 

D molecules in a ratio of 43 :50, i.e in W«™t 6of 'JC 
,, U orn with a tritium retention of 65 /i, oi tne aeuiermui 
and22 ; 7 ^^ w ill exchange and the remaining 14.7% will stat.s- 
present 7.9% wl,l e ™^ f ™ 19 4% 1JC molecules to give 
tically combine with ^ ^J™ 1 ^ other extreme follows 

the deuterium of mevalonate {i.e., bi^ A u ' ™" v 32 5<7 = 
between 57% 12 Cand43% molecules to give 43 % X 32.5/ 0 
14% molecules containing l3 C + D. 
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AB The content of ergot alkaloids (ergovaline and chanoclavine) , 

and their prodn. in Oct. 1996 and during the period May-Sept. 1997 was 
investigated in seventeen ecotypes of perennial ryegrass (Lolium perenne 
L.) and in nineteen ecotypes of meadow fescue (Festuca pratensis Huds . ) , 
naturally infected with Neotyphodium spp. The ecotypes were 
collected in the north-eastern part of the Czech Republic. In 1996, the 
content of ergovaline in the ecotypes of perennial ryegrass ranged from 
O.cntdot.OO to 27.cntdot.73 .mu.g g-1 dry matter (DM) (one cut), and in 
1997 from O.cntdot.OO to 4.cntdot.65 .mu.g g-1 DM (five cuts). In meadow 
fescue, the content of ergovaline varied from O.cntdot.OO to 0.cntdot.61 
.mu.g g-1 DM (one cut) in 1996, and in 1997 from O.cntdot.OO to 
2.cntdot.31 .mu.g g-1 DM (five cuts). The content of chanoclavine 
(investigated in 1997 in four cuts only) in perennial ryegrass ranged 
between O.cntdot.OO and 3.cntdot.39 .mu.g g-1 DM, and in meadow fescue 
between O.cntdot.OO and 2.cntdot.2 6 .mu.g g-1 DM. Most ecotypes of L. 
perenne reacted to the high temp, and heavy rainfall in June and July of 
1997 with an enhanced prodn. of ergovaline, whereas the content of 
chanoclavine was not changed. Such reaction to stress conditions 
was not obsd. in the ecotypes of F. pratensis. Large differences in the 
prodn. of both ergot alkaloids between different ecotypes of both plant 
species were obsd. 
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150. Neue Alkal ide aus der sapr phytischen Kultur des 
Mutterk rnpilzes von Pennisetum typhoideum Rich. 

42. Mitteilung iiber Mutterkornalkaloide 1 ) 
von A. Hofmann, R. Brunner, H. Kobel und A. Brack. 

Herrn Prof. T. Reichstein zum 60. Geburtstag gewidmet. 

(29. V. 57.) g 

In der 36. Mitteilung dieser Reihe 8 ) wurde berichtet, dass ein 1 
Mutterkornpilz, den wir aus Sklerotien geziichtet hatten, die auf der J 
afrikanischen Kolbenhirse Pennisetum typhoideum Rich, gefunden 
worden waren, befahigt ist, bei der Ziichtung in vitro Alkaloide zu bil- 
den. Es konnten damals die zwei bereits bekannten Alkaloide Agrocla- 
vin und Elymoclavin, sowie ein neues Alkaloid, das wir Penniclavin j 
nannten, aus Mycel und Filtrat von saprophytischen Kulturen dieses 
Pilzes isoliert werden. I 

Seither sind diese Untersuchungen fortgefiihrt worden. Dabei I 
liess sich die Alkaloidausbeute wesentlich steigern. Ferner wurden 
vier neue Alkaloide gefunden, iiber deren Isolierung, Charakterisie- 
rung und Strukturaufklarung nachstehend berichtet wird 3 ). 

Die aus verschiedenem Sklerotienmaterial afrikanischer Herkunft 
isolierten Pilzstamme produzierten in vitro ganz unterschiedliche 
Mengen Alkaloide; sie waren offenbar genetisch nicht einheitlich. Wir 
fuhrten daher unsere Infektionsversuche auf Pew/m<tfwm-Pflanzen im 
Gewachshaus fort, mit dem Erfolg, dass es gelang, den Pilz bis zum 
fertigen Sklerotienstadium auf der Wirtspflanze zu ziichten. Das auf 
diese Weise erhaltene Sklerotien-Material erlaubte uns die Isolierung 
einer grosseren Anzahl von Pilzstammen und gab uns die Mdglichkeit 
einer Auswahl aus den verschiedenen Stammzuchtungen. Durch diese 
Auswahl kamen wir zu Stammen, die bei der m-tn<ro-Kultur wesent- 
lich hohere Alkaloidausbeuten lieferten. 

Ferner wurden die Ernahrungsbedingungen fiir die Kultur des 
Pilzes in vitro variiert, womit sich eine weitere Steigerung der Alka- 
loidproduktion eri'eichen Less. Wahrend in den Versuchen. die in der 
36. Mitteilung dieser Reihe beschrieben wurden, durchschnittliche 
Alkaloidausbeuten von ca. 50mg/l Nahrlosung und ca. 0,1% im 
Trockenmycel erzielt wurden, erhielten wir nun mit den neuen Pilz- 
stammen und der verbesserten Nahrlosung bei grosseren Ansatzen 

l ) 41. MitteUung, Helv. 39, 1165 (1956). 

z ) A. Slotl, A. Brack, H. Kobel, A. Hofmann & R. Brunner, Helv. 37, 1815 (1954). 

3 ) Uber einen Teil der Ergebnisse dieser Untersuchung wurde am 14. Internat. 
Kongreas fur reine und angewandte Chemie am 23. Juli 1955 in Zurich referiert. Ref. 
Bd. 14. Int. Chemie-Kongreas Zurich, I95S, 131. 
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regelmassig praparative Alkaloidausbeuten zwischen 1000 und 
1500 mg/1 Kulturfiltrat und bis 1,0% im TrockenmyceL 

Im Laufe dieser Versuche zeigte sich ferner, dass die Bebriitung 
der Kulturen auf der Sehuttelmaschine ungeeignet ist, da sie zu star- 
ker Schleimbiidung fiihrt, was die Isolierung der Alkaloide sehr er- 
schwert. Standkulturen erwiesen sich vorteilhafter. 

In der Tab. 1 sind die Alkaloid- Ausbeuten von 5 grosseren Stand - 
kultur-Ansatzen zusammengestellt. 



Tabcllc 1. 







Kulturfiltrat 


Trockenmycel 


Ansatz 


Stamm 


Ernte- 


Prap. Ausbeute 


Menge 
kg 


Prap. Ausbeute 


Nr. 


raenge 
1 


Gesarat- 
alkaloide 
g 


mg/1 


Geaamt- 
alkaloide 
g 


% des 
Mycels 


1 


231 


98 


105,6 


1077 


1,92 


12,6 


0,65 


2 


231 


100 


159,5 


1595 


2,28 


18,4 


0,81 


3 


231 


91 


132,2 


1454 


2,54 


27,4 


1,08 


4 


233 


86 


120,8 


1404 


1,83 


15,5 


0,85 


5 


233 


91,5 


113,0 


1234 


1,60 


15,0 


0,94 


Total der 
5 Ansatze 




466,5 1 


631,1 g 




10,17 kg 


88,9 g 





Die Alkaloide wurden aus den Kulturansatzen auf die friiher be- 
schriebene Weise 2 ) isoliert und aufgearbeitet. Nach der Abtrennung der 
Hauptmenge des Elymoclavins, das stets zusammen rait dem Agroelavin 
den uberwiegenden Anteil der von unseren Pilzstammen produzierten 
/Alkaloide ausmacht, wurde das verbleibende Gemisch an der Alumini- 
umoxydsaule chromatographies. Beginnend mit absolutem Chloroform, 
dem steigende Mengen Methanol zugesetzt wurden, liessen sich in der 
nachstehenden Beihenfolge einheitliche Alkaloidfraktionen eluieren. 

Mit absolutem Chloroform wurde das von M. Abe*) in japani- 
schem Grasmutterkorn entdeckte Agroelavin herausgelost, dessen 
Vorkommen im PenrmeJwm-Mutterkorn wir bereits in der 36. Mit- 
teilung dieser Beihe beschrieben haben. 

Bei der Fortsetzung der Elution mit Chloroform, das 0,5% 
Methanol enthielt, zeigten sich zwei weitere Maxima, in denen zwei 
neue, ein Isomerenpaar bildende Alkaloide, die wir Isosetoclavin 
rind Setoclavin genannt haben, enthalten waren. 

Mit Chloroform/1% Methanol folgte ein bekanntes Alkaloid, das 
Elymoclavin, das von M. Abe und Mitarb.*) in japanischem Gras- 

4 ) M. Abe, Ann. Rep. Takeda Res. Lab. 10, 73 (1951); M. Abe & S. Yarmtodani, 
J. Agr. Chem. Soc. Japan 28, 501 (1954). 

5 ) M. Abe, T. Ymnano, Y. Kozu <f? M. Kusumoto, J. Agr. Chem. Soc. Japan 25, 
458 (i952); M. Abe db S. Yamatodani, ibid. 28, 501 (1954); 29, 346 (1955); S. Yamatodam 
& M. Abe, Bull. Agr. Chem. Soc. Japan 19, 94 (1955). 
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mutterkorn gefunden wurde, und dessen Vorkommen im Mutterkorn- 
pilz der Kolbenhirse wir ebenfalls bereits beschrieben haben. 

Anschliessend eluierte Chloroform, das 2% Methanol enthielt, 
wieder ein neues Alkaloid, dem wir den Namen Chanoclavin gege- 
ben haben. 

Schliesslich zeigten sich beim Eluieren rait Chloroform/3% Me- 
thanol wieder zwei Maxima, die zwei Alkaloiden entsprachen, die ein 
Isomerenpaar bilden. Das eine war neu. Es wurde als Isopennicla- 
vin bezeichnet. Das andere war Penniclavin, dessen Isolierung 
schon in der 36. Mitteilung beschrieben wurde. 

Die neuen Alkaloide. 

Setoclavin und Isosetoelavin. Die Werte der Elemental'- 
analyse und der acidimetrischen Titration ergaben fur beide Alkaloide 
die Bruttoformel C 16 H u ON a . Beide besitzen eine C-CH 3 -Gruppe und 
zwei aktive Wasserstoffatome. Die UV.-Spektren von Setoclavin und 
Isosetoclavin sind gleich und identisch mit dem der Lysergsaure und 
Isolysergsaure (Fig. 1). Die IE.-Spektren (Fig. 2), die durch starke 
Banden im Gebiet der Absorption der OH- und NH-Gruppe (2700 
bis 3500 cm -1 ) gekennzeichnet sind, weisen gewisse Unterschiede auf, 
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Fig.l. 

UV.-Spektren in Athanol. 
A: Lysergsaure, Isolysergsaure. 
B: Dihydro-lysergsaure. 

G: Setoclavin, Isosetoclavin, Penniclavin, Isopenniclavin. 
D: Chanoclavin. 

wie sie zwischen Stereoisomeren beobachtet werden. Die beiden Alka- 
loide stimmen auch in den Farbreaktionen iiberein, die von denen der 
Lysergsaure-Derivate stark verschieden sind. Mit XeZfer-Reagens wird 
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eine griine Farbung erhalten. Bei der Farbreaktion nach Van Urk ent- 
steht eine blasse, griingelbe Farbung. Charakteristisch ist die inten- 
sive, reinblaue Farbe, mit der sich die beiden Alkaloide in konz. 
Schwefelsaure auflosen. Setoclavin und Isosetoclavin sind sehr saure- 
empfindlich. Mineralsaure Losungen verfarben sich rasch unter Bild- 
dung dunkler Zersetzungsprodukte. 

Setoclavin, das an der Aluminiumoxydsaule etwas starker haf- 
tet als Isosetoclavin, kristallisiert leicht aus alien gebrauchlichen Lo- 
sungsmitteln, besonders schon aus Methanol oder Aceton, woraus es 
sich in dicken, kristallosungsmittelfreien Prismen abscheidet. Es 
schmilzt unter Zersetzung bei 229 -234° 6 ) und besitzt in Pyridin ein 
spez. Drehvermogen [a]^ = +174°, 

Isosetoclavin ist wie das Setoclavin sehr kristallisationsfreu- 
dig. Aus Methanol werden massive, kristallosungsmittelfreie Polyeder 
erhalten, die bei 234-237° unter Zersetzung schmel^n. Das spez. 
Drehvermogen in Pyridin betragt [a]^ = +107°. 

Dieses Alkaloid ist inzwischen von M. Abe und Mitarb. 7 ) auch 
aus saprophytischen Kulturen eines Mutterkornpilzes isoliert worden, 
der auf Agropyrum semicostatum Nees, Trisettim bifidum Ohwi, 
Festuca rubra L. und anderen japanischen Grasern wachst. 

Chanoclavin. Dieses Alkaloid kristallisiert aus Methanol oder 
Aceton in dicken Prismen und Polyedern, die kein Kristallosungs- 
mittel enthalten, und die bei 220-222° unter Zersetzung schmelzen. 
Es besitzt die Bruttoformel C 16 H 20 ON 2 . Das spez. Drehvermogen 
[a] 2 D ° = -240° (in Pyridin) ist hoher als das der iibrigen aus dem 
Pennisetum-Yilz isolierten Alkaloide. Chanoclavin zeigt bei der Be- 
stimmung nach Kuhn-Roth 1 C-CH 3 -Gruppe an. Es ist starker basisch 
als alle iibrigen Mutterkornalkaloide (pK b = 5,80). Das UV.-Spek- 
trum (Fig. 1) ist nahezu identisch mit dem der Dihydro-lysergsaure. 
Das IR.-Spektrum (Fig. 3) zeigt die charakteristische Absorption der 
Indolderivate bei 1600-1650 cm -1 und starke Banden im Gebiet der 
OH- und NH-Absorption. Chanoclavin gibt bei der Keller 1 when und 
der Van t7rfc'schen Farbreaktion die gleichen violettblauen Farbungen 
wie die Dihydro-lysergsaure und wie Agroclavin und Elymoclavin. 

Isopenniclavin. Dieses Alkaloid, das an der Aluminiumoxyd- 
saule etwas weniger stark haftet als Penniclavin, besitzt wie dieses die 
Bruttoformel C 16 H 18 0 2 N 2 . Es kristallisiert aus den iiblichen organi- 
schen Losungsmitteln, aber auch aus Wasser, aus dem es sich in 
6-eckigen, kristaUdsungsmittel-freien Flatten abscheidet, die bei 163 bis 
165° unter Zersetzung schmelzen. Der spez. Drehwert [a]^ in Pyridin 
betragt + 146°. Das UV.-Spektrum des Isopenniclavins (Fig. 1) ist 

6 ) Alle Smp. dieser Arbeit wurden auf dem Kofler-Block bestimmt. 

7 ) M. Abe, S. Yamatadani, T. Yamanv <b M. Knsumoto^ Bull. Agr. Chem. Soc. 
Japan 20, 59 (1956). 
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Isosetoclavin. 
Fig. 2. 
IR.-Spektren in KBr. 

wie das des Penniclavins identisch mit dem der Lysergsaure und 
Isolysergsaure. Im IR.-Spektrum (Fig. 2), das durch starke Banden 
im Gebiet der OH- und NH-Absorption charakterisiert ist, stimmt 
das Isopenniclavin weitgehend mit dem Penniclavin iiberein. Iso- 
penniclavin gibt die gleichen Parbreaktionen wie das Penniclavin, 
wie sie weiter oben beim Setoclavin und Isosetoclavin beschrieben 
wurden, und die von denen der Lysergsaure- und Dihydro-lysergsaure- 
Derivate stark verschieden sind. 
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Chanoclavin. 




N-Acetylchanoclavin. 



N 




■f 






— 






















































t 










1 








































1 




1 








fRSSd 














1/ 



















3500 3003 2500 2000 1900 1600 f700 1 600 1500 1400 1300 1200 1100 1000 900 800 700 cm~' 

0,N-Diacetylchanoclavin. 

Fig. 3. 
IR.-Spektren in KBr, 

In der Tab. 2 sind die wichtigsten Daten der 4 neuen Alkaloide 
mit denen der bereits friiher beschriebenen, aus dem Pennisetum-¥\\z 
isolierten Alkaloide zusammengestellt. 

Tubellc 2. 

Alkaloide aus der saprophytischen Kultur des Mutterkornpilzes von 
Pennisetum typhoideum Rich. 



Name 


Bruttoformel 


Smp. 6 ) 
(unter Zers.) 


(Pyridin) 


Kdler'ache 
Farbreaktion 


Agroclavin . . . 


Ci 6 Hi8N 2 


210-212° 


-183° 


violettblau 


Elymoclavin . . 


C l6 H 18 ON 2 


245-247° 


-152° 


violettblau 


Chanoclavin . . 


C 16 H 20 ON 2 


220-222° 


-240° 


violettblau 


Setoclavin . . . 


C, 6 H 18 ON 2 


229-234° 


+ 174° 


gelbgriin 


Isosetoclavin . . 


C 16 H 18 ON 2 


234-237° 


+ 107° 


gelbgriin 


P nniclavin . . 


C 16 H 18 0 2 N 2 


222-225° 


+ 153° 


gelbgriin 


Isopenniclavin . 


Ci 8 Hig0 2 N 8 


103-165° 


+ 146° 


gelbgriin 
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Die Strukturen von Agroclavin und Elymoclavin sind von M. Abe 
et aL 4 ) 5 ) aufgeklart worden. Sie werden durch die Formeln I und II 
wiedergegeben. 

Die Konstitution von Setoclavin, 1 sosetoclavin, 
Penniclavin und Isopenniclavin. 

Aus den UV.-Spektren dieser 4 Alkaloide (Fig. 1), die alle gleich 
und identisch mit dem der Lysergsaure und Isolysergsaure sind, konn- 
te geschlossen werden, dass diesen Alkaioiden das gleiche chromo- 
phore System, das Zl 910 -Ergolen, zugrunde liegt. Die Bruttoformeln, 
die alle die gleiche Anzahl Kohlenstoffatome wie die Lysergsaure auf- 
weisen, deuteten darauf hin, dass das Ergolen-Ringsystem in diesen 
zwei Alkaloidpaaren, gleich wie in der Lysergsaure, in Stellung 6 am 
Stickstoff eine Methylgruppe tragt, und dass auch das dem Carboxyl 
der Lysergsaure entsprechende C-Atom in Stellung 8 noch vorhanden 
ist. Auch die biogenetische Verwandtschaft dieser Substanzen recht- 
fertigte eine solche Annahme. 

Die Natur des Sauerstoffatoms im Setoclavin und Isosetoclavin 
liess sich aus der Anzahl der aktiven Wasserstoffatome ableiten. Es 
wurden zwei aktive H-Atome gefunden, von denen eines auf die NH- 
Gruppe des Indols entfallt, das andere somit als alkoholisches Hydro- 
xyl vorliegen muss. Damit stimmt die starke IR.- Absorption im Gebiet 
der OH-Frequenz uberein (Fig. 2). Diese Hydroxylgruppe lasst sich 
nicht acetylieren. Sie wird offenbar sehr leicht abgespalten, unter 
Ausbildung einer zweiten Kohlenstoffdoppelbindung im Ring D des 
Ergolensy stems. Solche Verbindungen sind aber nicht stabil; sie zer- 
setzen sich zu dunklen Produkten 8 ). Die oben erwahnte grosse Saure- 
empfindlichkeit dieses Alkaloidpaares ist auf die leichte Abspaltbar- 
keit des Hydroxy Is zuriickzufuhren, das damit als tertiare OH-Gruppe 
charakterisiert ist. Im zl 9 ' ,0 -Ergolen, das in 8-Stellung substituiert 
ist, kann aber ein tertiares Hydroxyl nur am C-8 plaziert werden. 
Daraus ergeben sich fur Setoclavin und Isosetoclavin die Struktur- 
formeln III und IV. 

Aus biogenetischen Griinden durfte angenommen werden, dass 
Setoclavin und Isosetoclavin am C-5 die gleiche Konfiguration be- 
sitzen, denn alle bisher aufgefundenen Mutterkornalkaloide stimnien 
konfigurativ an diesem Asymmetriezentrum uberein. Es war daher 
wahrscheinlich, dass sich Setoclavin und Isosetoclavin am anderen 
asymmetrischen C-Atom unterscheiden, also Epimere am C-8 sind wie 
Lysergsaure und Isolysergsaure. Das liess sich beweisen, als es gelang 
Agroclavin (I), an dem die Konfiguration am C-5 stabil und gleich 
wie in der Lysergsaure ist, durch oxydative Hydroxylierung in ein 
Gemisch von Setoclavin und Isosetoclavin iiberzufuhren. 



8 ) A. Stoll, A. Hofmann <b F. Troxler, Helv. 32, 50f> (1949). 
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8. Yamatodani & M.Abe*) erhielten bei der Oxydation von 
Agroclavin mit Kaliumdichromat in verdiinnter Sehwefelsaure eine 
Substanz, die mit Triseclavin identisch war, einem Alkaloid, das 
M . Abe et al 10 ) im Mutterkorn von japanischen Grasern, wie Elymus 
mollis Trin., Trisetum bifidum Ohwi, und in daraus bereiteten sapro- 
phytischen Kulturen gefunden hatten. Wir haben diese Oxydation, zu 
der die japanischen Autoren keine experimentellen Angaben maehen, 

7 )n-oh 3 

h ;,„ ;,fH 

x< / 

v N 



H Agroclavin 



H 3 C. /OH HO.. /CH 3 

( y\— CH 3 \\-CH 3 



X 



s:-h / X-h 



/ Setoclavin 7 lsosetoclavin 

III H pK b - 7,45 IV H pK b - 7,95 



wiederholt und haben dabei aus reinstem Agroclavin ein Alkaloid- 
gemisch, bestehend aus Setoclavin und lsosetoclavin, erhalten, aus 
dem sich die reinen, kristallisierten Koraponenteh mit einer Gesamt- 
ausbeute von 60% abtrennen liessen. M. Abe et al. geben fur Trisecla- 
vin, dem sie die gleiche Struktur zuschrieben, wie wir sie fur Setocla- 
vin und lsosetoclavin vorgeschlagen haben, die spez. Drehung [a] 1 ^ = 
+ 137° in Pyridin an, Dieser Wert liegt ziemlich genau in der Mitte 
von dem des Setoclavins und Isosetoclavins, so dass vermutet werden 
muss, dass es sich bei dem als Triseclavin beschriebenen Alkaloid um 
ein Mischkristallisat von Setoclavin und lsosetoclavin gehandelt hat. 

Beim Penniclavin und Isopenniclavin, die zwei Sauerstoffatome 
enthalten, fiihrte die Oxydation mit Perjodat zur Aufklarung ihrer 
Struktur. Beide Isomere spalten mit diesem Eeagens Formaldehyd ab, 
womit die Gruppierung ~CHOHCH 2 OH nachgewiesen ist. Eine Giy- 
kolgruppierung mit einem primaren Hydroxyl lasst sich aber an dem 
fur Penniclavin und Isopenniclavin postulierten Ergolen-Geriist nur 



») Bull. Agr. Chem. Soc. Japan 19, 94 (1955). 

10 ) M. Abe, S. Yamatodani, T. Yamano & M. Kustimoto, Bull. Agr. Chem. Soc. 
Japan 19, 92 (1955). 
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in 8-Stellung anbringen. Damit ergeben sich,fur dieses Isomerenpaar 
die Strukturformeln V und VI. 

CH 2 OH 

i 

<f )n-ch 3 
h ; <-h 



A_..> 



v N 

II H Elymoclavin 



HOH a C.^OH HO-./CHjOH 



( ")n-CH 3 / >-CH 3 

/ \-H ; -- f h 



/\ / ,<\ . / 

I u t ■ 

^*- //S i^ / Penniclavin Isopenniclavin 
V H pK„ = 7,40 VI H pK„ = 8,10 

HOH 2 C. yK H.. /CH.OH 

C"">-CH 3 / >-CH 3 

/\ / A__/ 

VII H pK b = 6,60 VIII H pK b = 7,10 

Diese wurden bestatigt, als es 8. Yamatodani & M. Abe 9 ) gelang, 
Elymoclavin durch Oxydation mit Dichromat in Penniclavin iiberzu- 
fiihren. Bei der Nacharbeitung dieses Versuches erhielten wir aus Ely- 
moclavin, allerdings nur in sehr geringer Ausbeute, ein Gemisch von 
Penniclavin und Isopenniclavin, aus dem die beiden Isomeren in reiner 
Form gewonnen werden konnten. 

Das den beiden Isomerenpaaren Setoclavin-Isosetoclavin und 
Penniclavin-l8openniclavin gemeinsame Strukturmerkmal, durch das 
sich diese Alkaloide von den iibrigen bisher bekannten Mutterkorn- 
alkaloiden unterscheiden, ist die tertiare Hydroxylgruppe am C-8. 
Diese ist fur die grosse Saureempfindlichkeit, fiir die unterschiedlichen 
Farbreaktionen und die fiir Mutterkornalkaloide ungewohnten Dreh- 
werte verantwortlich. 

Durch den Eintritt einer Hydroxylgruppe an Stelle eines H- 
Atoms am asymmetrischen C-Atom 8, wird dieses urspriinglich sehr 
ungleichmassig belastete Asymmetriezentrum besser ausgewogen, was 
zur Folge hat, dass nun beide Epimere ahnliche Drehwerte aufweisen. 
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Man konnte daher bei diesen Alkaloidpaaren die konfigurative Zu- 
ordnung nicht mehr allein an Hand des Drehwertes (schwach positiver 
oder negativer Drehwert = D-Lysergsaure-Reihe, hoher positiver 
Drehwert = D-Isolysergsaure-Eeihe) treffen. Es wurden daher noch 
andere geeignete Kriterien herangezogen. Aus dem Vergleich der pK to - 
Werte und des adsorptiven Verhaltens der neuen Alkaloidpaarlinge 
mit den strukturell sehr nahestehenden Alkoholen D-Lysergol (VII) 
und D-Isolysergol (VIII), die aus D-Lysergsaure bzw. D-Isolysergsaure 
leicht zuganglich sind 11 ), ergab sich die in den Bezeichnungen der Epi- 
meren vorweggenommene konfigurative Zuordnung. D-Lysergol, Seto- 
clavin und Penniclavin sind starker basisch und haften an der Alu- 
miniumoxydsaule besser als die entsprechenden Isoverbindungen. 

Die Konstitution des Chanoclavins* 

Dieses Alkaloid wurde so benannt, weil in ihm der Ring D des 
Ergolensystems zu einer offenen Kette aufgespalten ist. Wahrend 
alien bisher bekannten Mutterkornalkaloiden das tetrazyklische Er- 
golen- oder Ergolin-Geriist zugrunde liegt, leitet sich das Chanoclavin 
vom trizyklischen l,3,4,5-Tetrahydro-benz(c,d)indol ab. 



HOH 8 C Nc/ OH 3 h CH ; 



H<^ /N— CH 3 4* D ' ^ N ~~ vrt * 



3 

CH a 



H 7 % K H 7 



IX . H Chanoclavin X H Festuclavin 

Chanoclavin lasst sich zum Unterschied von den Alkaloiden der 
Setoclavin-Penniclavdn-Gruppe sehr leicht mit Essigsaureanhydrid in 
Pyridin acetylieren. Dabei treten zwei Acetylgruppen in die Molekel 
ein. Diacetyl-chanoclavin ist nicht mehr basisch, was zeigt, dass das 
basische Stickstoffatom des Chanoclavins acetylierbar, also primar 
oder sekundar ist. Die zweite Acetylgruppe sitzt an einer leicht ver- 
esterbaren, also primaren Hydroxylgruppe. Im IR.-Spektrum des Di- 
acetyl-chanoclavins (Fig. 3) ist bei 1630 cm* 1 die ausgepragte Bande 
der Saureamid-Gruppe, bei 1740 cm -1 die charakteristische Absorp- 
tion der Acetoxy-Gruppe sichtbar. Diese lasst sich alkalisch leicht 
verseifen, wobei man das Monoacetyl-chanoclavin erhalt, in dem, wie 
aus dem IR.-Spektrum (Fig. 3) ersichtlich, die Acetamid-Gruppe noch 
vorhanden ist. Die Hydrolyse dieser Gruppe erfordert sehr energische 
Bedingungen, unter denen der grosste TeU der Substanz zerstort wird, 
wobei Chanoclavin nur in sehr geringer Ausbeute zuriickgewonnen 
werden kann. 



") A. StoU, A. Hofmann & W. Schlieniz, Helv. 32, 1947 (1949). 
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Chanoclavin besitzt die gleiche Anzahl C-Atome wie die Lyserg- 
saure und die iibrigen Pennisetum-AlkBloi&e, was gegen eine Formu- 
lierung als 6-Nor-Verbindung mit intaktem Eing D spricht. Als andere 
mogliche Variante mit acetylierbarem Stickstoff bleibt nur noch eine 
Formel, in welcher der Eing D des Ergolinsystems zwischen dem 
Stickstoff und dem C-Atom 7 geoffnet ist 12 ). Die Bruttoformel des 
Chanoclavins verlangt bei geoffnetem Eing D in der Kohlenstoff- 
seitenkette eine Doppelbindung. Diese darf, wie das UV.-Spektrum 
zeigt, nicht mit dem Indolsystem konjugiert sein. Es kommt somit nur 
die 7 -8- oder die 8-9-Stellung in Frage. Da Chanoclavin eine G-CH 3 - 
Gruppe aufweist, bleibt fur die isolierte Kohlenstoffdoppelbindung 
nur noch die ^ 8 » 9 -Lage iibrig. Alle diese Befunde werden durch die 
Strukturformel IX des Chanoclavins zum Ausdruck gebracht. 

Auch die Konfiguration an den beiden asymmetrischen C-Ato- 
men 5 und 10 des Chanoclavins liess sich abklaren. Beim Versuch, die 
isoHerte Doppelbindung des Chanoclavins selektiv zu hydrieren, wur 
de in geringer Menge Festuclavin 13 ) (X) gebildet, das konfigurativ mit 
der Dihydro-lysergsaure-Reihe verkniipf t ist. Dem Chanoclavin kommt 
also die im Formelbild IX zum Ausdruck gebrachte Konfiguration der 
Dihydro-lysergsaure(I)-Eeihe 14 ) zu. Die Substituenten an den beiden 
Asymmetriezentren sind in Trans- Stellung angeordnet. 

Experimenteller Teil 6 )* 

1. Beispiel eines Ziichtungsansatzes (Ansatz 2, Tab. I). Es wurde eine Nahr- 
losung von folgender Zusammensetzung verwendet: Saccharose 100,0 g, Ammonium- 
Buccinat 10,1 g, Ca(N0 3 ) 2 1,0 g, KH 2 P0 4 0,25 g, MgS0 4 ,7H 2 0 0,25 g, KC1 0,126 g, 
FeS0 4 ,7H 2 0 8,34 mg, ZnS0 4 ,7H 2 0 3,44 mg, Leitungswasser ad 1000 cm 3 . 1221 dieser 
Nahrlosung mit dem pH = 5,2 wurden in 500-cm 3 -Portionen in l^wl-^cmftocA-Kolben 
abgefiillt, im Autoklaven sterilisiert und auf gleiche Art und Weise mit einer Sporen- 
suspension des Pilzstammes Nr. 231 beimpft und bebriitet wie friiher 2 ) beschrieben. 

Nach 27 Tagen erntete man die Kulturen ab. Es resultierten 100 1 Kulturfiltrat mit 
einem Alkaloidgehalt von 1680 mg/1 und 2,28 kg Trockenmycel mit einem Alkaloidgehalt 
voii 1,08% (Gehaltsbestimmungen kolorimetrisch, auf MoL-Gew. 250 berechnet 8 ), 

2. Isolierung der Alkaloide. Als Beispiel fur die Aufarbeitung unserer Zuch- 
tungsans&tze beschreiben wir nachstehend die Extraktion und chromatographische Auf- 
teilung der Alkaloide aus dem Kulturfiltrat des unter 1. beschriebenen Versuches. 

100 1 Kulturfiltrat wurden nach Zusatz von 1 kg Soda einmal mit 50 1, dann noch 
funfmal mit je 30 1 Chloroform/Isopropylalkohol 3:1 ausgeriihrt. Die vereinigten Extrakte 
lieferten nach dem Eindampfea im Vakuum 248 g dunklen, oligen Riickstand. 

Aus diesem kr.'stallisierten nach dem Aufnehmen in 1,2 1 Methanol 75,2 g rohes 
Alkaloid, aus dem durch Umkristallisieren aus Methanol 65,1 g reines Elymoclavin mit 
den frtiher beschriebenen Eigenschaften 2 ) erhalten wurden. 



12 ) An dieser Stelle wird der Ring D geoffnet, wenn die Lysergsaure oder die Di- 
hydro-lysergsaure mit Essigsaureanhydrid erhitzt wird (A. Sloll, A. Hofmann & F. Troxkr, 
Helv. 32, 506 (1949)). 

13 ) S. Yamatodani ds M. Abe, Bull. Agr. Chem. Soc. Japan 20, 95 (1956). 

14 ) A. Stoll, Th. Petrzillca, J. Rutechmann, A. Hofmann & Hs. H. Gunihard, Helv. 37, 
2039 (1954). 
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Der Eindampfruckstand der vereinigten Elymoclavin-Mutterlaugcn wurde in abs. 
Chloroform gelost und an einer Saule aus 10 kg Aluminiumoxyd (Brockmann) chromato- 
graphiert. Beim Entwickeln mit dem gleichen Losungsmittel wurden zuerst 42 g alkaloid- 
freies 01 und anachliessend 70,7 g Agroclavin eluiert. Durch Umkristallisieren aus Essig- 
ester erhielt man 69,4 g reines Alkaloid mit den friiher angegebenen Daten 2 ). 

Mit Chloroform/0,5% Methanol liessen sich hierauf 7,0 g eines Alkaloidgemisches 
eluieren, das nochmals an der lOOfachen Menge Aluminiumoxyd chromatographiert 
wurde. Dabei zeigten sich im Durchlaufchromatogramm beim Entwickeln mit Chloroform/ 
0,5% Methanol zwei Maxima. Aus dem leichter eluierbaren Anteil (2,5 g) liessen sich durch 
Umkristallisieren aus Methanol 1,9 g reines Isosetoclavin gewinnen. Die Eluatriick- 
stande der langsamer wandernden Zone wogen 2,9 g. Daraus wurden durch Umkristalli- 
sieren, zuerst aus Aceton, dann aus Methanol, 2,1 g reines Setoclavin erhalten. 

Bei der Weiterentwicklung des Hauptchromatogrammes mit Chloroform/1% Metha- 
nol wurden 5,1 g Alkaloid herausgelost, aus dem sich durch Umkristallisieren aus Metha- 
nol 4,8 g reines Elymoclavin gewinnen liessen. 

Nach der Erhohung des Methanolgehaltes im Chloroform auf 2% wurde eine Alka- 
loidfraktion eluiert (3,3 g), welche vorerst nur schlecht kristallisierte. Sie wurde zur Reini- 
gung in wasseriger Weinsaure gelost und nach der Vorextraktion dieser Losung mit Ather, 
mit Soda wieder freigesetzt und in Ather aufgenommen. Der Atherruckstand kristallisierte 
nun leicht aus Aceton. Durch Umkristallisieren aus diesem Losungsmittel und anachlies- 
send aus Methanol liessen sich 0,6 g reines Chanoclavin gewinnen. 

Mit Chloroform/3% Methanol konnte schliesslich eine letzte Alkaloidfraktion heraus- 
gelost werden (7,4 g), die erneut an einer Saule aus 740 g Aluminiumoxyd chromato- 
graphiert wurde. Beim Entwickeln mit Chloroform/3% Methanol bildeten sich zwei 
Hauptzonen. Die rascher wandernde enthielt 1,2 g einer Alkaloidfraktion, aus der sich 
durch mehrmaliges Umkristallisieren aus Essigester schliesslich 0,11 g reines Isopen- 
niclavin gewinnen liessen. Aus der besser haftenden Alkaloidfraktion (5,8 g) konnten 
durch mehrmaliges Umkristallisieren zuerst aus Aceton, dann aus Methanol 1,9 g reines 
Penniclavin abgetrennt werden. 

Zusammenfassung. Ausbeute an kristallisierten, einheitlichen Alkaloiden aus dem 
Kulturfiltrat, Ansatz 2, Stamm Nr. 231 : 

Agroclavin .... 69,4 g Chanoclavin ... 0,6 g 

Elymoclavin . . . 69,9 g Isopenniclavin . . 0,1 g 

Isosetoclavin ... 1,9 g Penniclavin . . . 1,9 g 

Setoclavin .... 2,1 g Total 145,9 g 

In den verschiedenen Kristallisationsmutterlaugen verblieben insgesamt 13,6 g amorphe 
Alkaloide, so dass die Totalausbeute an praparativ isolierten Alkaloiden 159,5 g betragt, 
entsprechend 95% des kolorimetrisch im Kulturfiltrat ermittelten Gehaltes (168,0 g). 

Aus dem Trockenmycel des Ansatzes 2 (2,28 kg) wurden die Alkaloide auf die friiher 
beschriebene Weise 2 ) extrahiert und, wie vorstehend beschrieben, an der Aluminium- 
oxydsaule chromatographiert. Dabei wurden folgende Ausbeuten erzielt: 



Agroclavin kryst 7,37 g 

Agroclavin-Mutterlaugenruckstand 0,86 g 

Elymoclavin kryst 7,29 g 

Elymoclavin-Mutterlaugenruckstand 0,70 g 

Setoclavin/Isosetoclavin-Fraktion 0,82 g 

Penniclavin/Isopenniclavin-Praktion 1,26 g 

Amorphe Bestfraktion 0,15 g 

Total 18,45 g 



Das entspricht einer Gt :amtalkaloidausbeute von 0,81%. Es wurden die gleichen Al- 
kaloide in annahernd dem gleichen Mengenverhaltnis wie aus dem Kulturfiltrat isoliert. 
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Chanoclavin, das nur in sehr geringer Menge vorkommt, konnte in diesem verhaltnis- 
massig kleinen Ansatz nicht gefasst werden. 

Auch die iibrigen von una geziichteten Stamme des Pennisetum-Pilzea produzierten 
Alkaloidgemische ahnlicher Zusammensetzung. Agroclavin und Elymoclavin waren stets 
die Hauptalkaloide, wahrend die MengenverhaltnisBe der einzelnen Nebenalkaloide be- 
trachtlich variierten. 

3. Beschreibung der einzelnen Alkaloide. a) Setoclavin. Kristallisiert aus 
Aceton oder Methanol in massiven, kristalldsungsmittel-freien Prismen. Smp.229 — 234°, 
Es lost sich bei Siedehitze in 40 Teilen der genannten i-rosungsmittel, in 50 Teilen Essig- 
ester, in 40 Teilen Chloroform oder in 15 Teilen Dioxan. In Wasser ist das Alkaloid schwer 
loslich. = + "4« (± 2«), [<x]f m = + 232*> (± 3 o } ( c = 1,1 in Pyridin); [a] 2 D ° = + 165° 
(± 3°) (c = 0,3 in Athanol). Beim Trocknen fiir die Analyse im Hochvakuura bei 100° l5 ) 
trat kein Gewichtsverlust ein. 

C 16 H 18 0N 2 Ber. C 75,56 H 7,14 O 6,28 N 11,02 2 „H" 0,79 1(C)CH 3 5,91% 
(254,32) Gef. „ 75,47 „ 7,27 „ 6,54 „ 11,21 „ 0,81 „ 6,44% 

Potentiometrische Titration; 41,55 mg Substanz, gelost in wasserigem Alkohol, ver- 
brauchten 1,63 cm 3 0,1 -n. HC1. Mol.-Gew. Ber. 254; Gef. 254. pK b - 7,45. 

UV.-Spektrum: Maxima bei 243 m/i (log e lllas = 4,38) und bei 313 m// (log c milx = 
4,04) (vgl. Fig. 1). — IR.-Spektrum: siehe Fig. 2. 

Farbreaktionen: Bei der KeUer'achen und bei der Van t/rifc'schen Farbreaktion ent- 
steht eine griine Farbung, die sich nach gelbgrun verfarbt. Beim Auflosen einer Spur 
Setoclavin in konz. Schwefelsaure entsteht eine intensive, rein blaue Farbe, die mehrere 
Stunden bestandig ist. 

Hydrochloride Kristallisiert aus Wasser oder Alkohol in Nadeln, die sich ab 200° 
dunkel farben, ohne bis 300° zu schmelzen. 

Nitryt: Aus Wasser Nadeln, die ab 125° dunkel werden, ohne bis 300° zu schmelzen. 

= + 190° (c = 0,5 in 50-proz. Alkohol). 
' b) Isosetoclavin: Aus Methanol kristallosungsmittel-freie Polyeder. Smp. 234 bis 
237°. Lost sich bei Siedehitze in 70 Teilen Methanol, 60 Teilen Aceton, 100 Teilen Essig- 
ester, 160 Teilen Chloroform und kristallisiert beim Erkalten aus alien diesen Losungs- 
mitteln. [«]*> - + 107* (±2°), [a]^,= + 147<» (±3°) (c - 0,5 in Pvridin); [a]^ = 
+ 129° (± 2°) (c - 0,4 in Athanol). 
C 16 H 18 ON 2 Ber. C 75,75 H 7,14 0 6,28 N 11,02 2 „H" 0,79 1(C)CH 3 5,91% 
Gef. „ 75,65 „ 7,07 „ 6,52 „ 11,26 „ 0,79 „ 6,37% 

Potentiometrische Titration: 36,2 mg Substanz, gelost in wasserigem Alkohol, ver- 
brauchten 1,41 cm 3 0,1-n. HC1. Mol.-Gew. Ber. 254; Gef. 256. pK b = 7,95. 

UV.-Spektrum: Maxima bei 242 m/< (log e nmx = 4,42) und bei 317 m/i (log t max 
= 4,10), siehe Fig. 1. — IR.-Spektrum: siehe Fig. 2. 

Farbreaktionen: Wie Setoclavin. 

HydrocMorid: Kristallisiert aus Methanol beim Verdiinnen mit Aceton in Rosetten. 
Ab 160° Dunkelfarbung, bis 300° noch nicht geschmolzen. 

Pikrat: Aus Methanol orangegelbe Nadeln. Smp. 150—155°. 

Die meisten Salze kristallisieren schlecht und zersetzen sich in Losung sehr schnell. 

c) Penniclavin. Erganzung zu den fruher mitgeteilten Daten 2 ) : pK b =--= 7,40 (be- 
stimmt durch potentiometrische Titration in wasserigem Alkohol mit 0,1-n. HC1). 

Penniclavin-di-p-tohiyl-i,-tartrat: Kristallisiert aus Methanol, worin das Salz ziem- 
lich schwerloslich ist, in groben Rhomben. Smp. 173° (Zers.). 

d) Isopenniclavin. Kristallisiert aus Wasser, in dem es bei Siedehitze zu 1% 
loslich ist, in sechseckigen Platten, ohne Kristallosungsmittel. In Methanol und Aceton 

16 ) Alle Substanzen, bei denen nichts anderes erwahnt ist, wurden fiir die Analyse 
auf diese Weise getrocknet. 
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let das Alkaloid sehr leicht, in Essigester leicht, in Chloroform massig loslich. Snap. 163 
bh 165°. [a] 2 ^ = + 146° (± 2°), [*if m = ■ + 198° <± 3°) (c = 0,7 in Pyridin); [a]£ = 
+ 140° (± 2°) (c = 0,9 in Athanol). 

C 16 H w O a N a Ber. C 71,09 H 6,71 O 11,84 N 10,36% 
(270,32) Get „ 71,22 „ 6,71 „ 12,15 „ 10,06% 

Potentiometrische Titration: 33,45 mg Substanz verbrauchten in w&sserigem Alkohol 
1,23 cm 8 0,1-n. HCL Mol.-Gew. Ber, 270; Gef. 272. pK„ = 8,10. 

UV.-Spektrum (siehe Fig, 1) : Maxima bei 242 ny* (log e mox = 4,31) und bei 313 mpt 
(log e max = 3,94). — IR.-Spektrum: siehe Fig. 2. 

Farbreaktionen: Wie beim Setoclavin besohrieben. 
* Di-oL-naphtoyl-i>-bitartrat: Aus Methanol, worin das Salz schwerloslich ist, in ver- 
"filzten Nadeln. Smp. 186° (Zers.). 

e) Chanoclavin. Aus Aceton oder Methanol in dicken Prismen und Polyedern. 
Lost sich bei Siedehitze in 25 Teilen Methanol, 140 Teilen Aceton, 170 Teilen Essigester, 
350 Teilen Chloroform. In Wasser sehr schwer loslich. Smp. 220—222°. [a]^ = - 240° 
(± 3°), [a]?" =-294° (± 4°) (c = 1,0 in Pyridin); [a] 4 -? = - 205° (± 3°) (c = 0,75 in 
Alkohol). ° 

C^HaoONa Ber. C 74,96 H 7,87 O 6,24 N 10,93 1(C)CH 3 5,87% 
(256,34) Gef. ,, 75,24 „ 8,11 ,,6,34 ,,10,97 „ 5,77% 

Potmtiometrische Titration: 42,1 mg Substanz verbrauchten in w&sserigem Alkohol 
1,65 cm 3 0,1-n. HC1 Mol.-Gew. Ber. 256; Gef. 255. pK„ = 5,80. 

UV.-Spektrum: Maxima bei 225 m/i (log e max = 4,44), bei 284 mp (log e lnax «= 
3,82) und bei 293 m/* (log £ max = 3,76 ), siehe Fig. 1. — IR.-Spektrum: siehe Fig. 3. 

Farbreaktionen: Violettblaue F&rbung bei der KeZZe/schen und bei der Van Urk $ - 
schen Farbreaktion, gleich wie Dihydro-lysergsaure, Elymoclavin und Agroclavin. 

Bioxalat: Aus Wasser oder Methanol Nadeln. Smp. 195—197°. [oc]fj> = - 152° (c = 
0,5 in 50-proz. Alkohol). 

0,N-Diacetyl-chanoclavin: 512 mg Chanoclavin wurden in 10 cm 3 Pyridin 
und 2,0 cm 3 Essigsaureanhydrid 24 Std. bei Raumtemp. stehengelassen. Die iibliche Auf- 
arbeitung lieferte 666 mg Diacetyl- Verbindung. Aus Ben/.ol/Petrolather lanzettenformige 
Nadeln. Smp, 174 — 175°. Die Kristalle halten 1 Mol Kristall-Benzol hartnackig zurttck, 
weshalb die Verbindung fur die Analyse im Hochvakuum bei 180° sublimiert wurde. 

C^H^OgNa Ber. C 70,56 H 7,11 O 1440 N 8,23% 
(340,41) Gef. „ 70,19 „ 7,24 „ 14,19 „ 8,20% 
IR.-Spektrum: Starke Banden bei 1630 cm -1 (Saureamid) und bei 1740 cm" 1 (Ester), 
siehe Fig. 3. 

Farbreaktionen: Gleich wie Chanoclavin. 

Die Verbindung ist neutral; sie blieb beim Ausschiitteln der atherischen Losung mit 
wasseriger Weinsaure in der organischen Phase. 

N-Acetyl-chanoclavin: 340 mg Diacetyl-chanoclavin wurden in 7 cm 3 2-n. 
50-proz. wasserig-alkoholischer KOH 2 Std. unter Riickfluss gekocht. Nach Verdiinnen 
mit Wasser wurde das neutrale Verseifungsprodukt mit Chloroform/Isopropylalkohol 
extrahiert und aus Methanol umkristallisiert. Ausbeute 245 mg. Massive Prismen. Smp. 
226—228°. [aj™ = - 80° (c = 0,5 in Pyridin). 

C^HaaOaNa Ber. C 72,45 H 7,43 O 10,72 N 9,39 2 „H ' 0,68% 
(298,37) Gef. „ 72,59 „ 7,72 ,, 10,94 „ 9,67 „ 0,76% 

Farbreaktionen: Wie Chanoclavin. 

Verseifung von N-Acetyl-chanoclavin. 150 mg N-Acetyl-chanoclavin wur- 
den in 5 cm 8 5-n. wasserig-alkoholischer KOH im Bombenrohr 2 Std. auf 170° erhitzt. 
Die dunkle Losung extrahierte man mit Chloroform/Isopropylalkohol und chromato- 
graphierte den Ruckstand an Aluminiumoxyd. Neben viel Zersetzungsprodukten wurden 
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28 mg einer Fraktion abgetrennt, die aus Aceton kristallisierte unci 10 nig Clianoclavin .% 
lieferte. [<x]^==-240° (Pyridin). IR.-Spektrum identisch mit dem eines authentischen v 
Praparates. 

4. Nachweis der Glykolgruppierungim Penniclavin und Isopenniclavin. 
a) 27 mg Penniclavin wurden in 3 cm 3 0,1-n. HJ0 4 + 7 cm 3 Wasser 1,5 Std. bei Raum- 
temp, stehengelassen. Dann destillierte man ca. 2/3 der Losung in eine eisgekuhlte Vor- # 
lage, versetzte das Destillat mit einigen Tropfen Natronlauge und 0,5 cm 3 einer 10-proz. 
alkoholischen Dimedon-Ldsung und erhitzte 10 Min. auf 80°. Das nach Abkiihlen und J 
Ansauern mit Essigsaure ausfallende Kondensationsprodukt wurde aus Methanol/Wasser 
umkristallisiert. Ausbeute 13 mg (45% d. Th.); Smp. 187°, Misch-Smp. mit einem aus 
Formaldehyd und Dimedon hergestellten Vergleichspraparat ohne Depression. ^ 

C 17 H 24 0 4 Ber. C 69,83 H 8,28 O 21,89% 1 
(292,36) Gef. „ 69,66 „ 8,26 „ 21,79% w 
b) 27 mg Isopenniclavin lieferten unter den gleichen Bedingungen bei der Perjodat- 
Oxydation 18 mg (62%) des Formaldehyd-Dimedon-Kondensationsproduktes. 

5. Oxydative Umwandlung von Elymoclavin in Penniclavin und Iso- 
penniclavin. 6,5 g Elymoclavin wurden mit einem Aquivalent Schwefelsaure in 250 cm 3 
50-proz. wasserigem Aceton gelost. Zu dieser auf 70° erwarmten Losung wurde in einem 
Guss eine gleich temperierte Losung von 7,5 g K a Cr 2 0 7 in 250 cm 3 Wasser gegeben. Nach 
1 Min. setzte man 13 cm 3 2-n. H 2 S0 4 zu und hielt den Ansatz noch 15 Min. bei 70°. Nach 
dem Erkalten wurde von einem unloslichen Riickstand (9,0 g) abfiltriert und das Filtrat 
mit Chloroform /Isopropylalkohol 3:1 ausgezogen. Der Extraktriickstand (3,2 g) wurde 
an Aluminiumoxyd mit Chloroform und steigenden Zusatzen an Methanol chromato- 
graphiert. Mit Chloroform/3% Methanol liessen sich zwei Fraktionen eluieren. Die weniger 
gut hafbende(0,2g) gab mit Di-a-naphthoyl-D-weinsaure in geringer Ausbeute ein kristalli- 
siertes Salz, das bei der Zerlegung 18 mg kristallisiertes, reines Isopenniclavin lieferte. 
Smp. 160—162°. [a]|° = + 145° (Pyridin). 

Die besser haftende Fraktion (0,83 g) wurde iiber das Di-p-toluyl-L-tartrat gereinigt 
das aus Methanol gut kristallisierte. Aus diesem Salz liessen sich 0,52 g Penniclavin ge- 
winnen. Smp. 215—225°. [a]'j° = + 151° (Pyridin). \ 

6. Oxydative Umwandlung von Agroclavin in Setoclavin und Isoseto- 
clavin. 4,76 g Agroclavin wurden, gleich wie beim Elymoclavin beschrieben, in schwefel- j 
saurer Losung mit Dichromat oxydiert. | 

Aus der filtrierten Oxydationslosung liessen sich nach dem Alkalisieren mit NaHC0 3 j 

mit Chloroform/Isopropylalkohol 3,8 g eines Alkaloidgemisches extrahieren, aus dem [ 

beim Aufhehmen mit Methanol 2,7 g Setoclavin auskristallisierten. Nach zweimaligem 1 

Umkristallisieren aus Aceton und Methanol wurden 2,0 g dieses Alkaloides mit den Daten J 

der reinen Verbindung erhalten. 3 

Aus dem Riickstand der Methanol-Mutterlauge des Setoclavins liessen sich durch "{ 

Chromatographic an Aluminiumoxyd 0,65 g analysenreines Isosetoclavin (Smp. 234 — ] 

237°, [a]g = + 106° (Pyridin)) und weitere 0,38 g Setoclavin (Smp. 225—230°, [<x]*> = j 

+ 168° (Pyridin)) gewinnen. Die Gesamtausbeute an krist. Setoclavin und Isosetoclavin i 
betragt 60% d. Th. ^ 

7. Reduktive Umwandlung von Clianoclavin in Festuclavin. Eine Losung \ 
von 256 mg Chanoclavin (1 Millimol) und 128 mg Oxalsaure in 20 cm 3 90-proz. Alkohol 
wurde zu 150 mg, im gleichen Losungsmittel vorhydrierten Pd-Mohr gegeben und bei 
Raumtemp. in der Schiittelente hydriert, bis 1 Millimol H 2 aufgenommen wordcn war. 

Das durch die iibliche Aufarbeitung gewonnene Reduktionsprodukt (230 mg) : ;f 

wurde an der lOOfachen Menge Aluminiumoxyd chromatographiert, wodurch es sich in ; 

drei Fraktionen zerlegen liess. Die am raschesten wandernde Substanz, die mit abs. 4 

Chloroform eluiert wurde, kristallisierte aus Aceton in Nadeln, Ausbeute: 38 mg, Smp. -j 
242—244°, [ot]^ = - 110° (Pyridin). Sie war identisch mit Festuclavin 13 ). 
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Eine Mittelfraktion, die mit Chloroform/0,5% Methanol eluiert wurde, war amorph 
{ und konnte nicht identifiziert werden. Mit Chloroform/2% Methanol wurde noch wenig 
unverandertes Chanoclavin herausgelost. 

Die Analysen wurden in unserem mikroanalytischen Laboratorium (Leitung Dr. 
I' W. Schoniger) ausgefiihrt. Die UV.- und IR.-Spektren wurden in unserer spektralanaly- 
' tischcn Abteilung (Leitung Dr. ff. 0. Leemann) aufgcnommen. 

SUMMARY. 

By selection of certain strains of the ergot fungus found on 
Pennisetum typhoideum Rich, (a tropical millet) and modifying the 
C substrate we succeeded in increasing the alkaloid yield in saprophytic 
cultures up to 1000 — 1500 mg alkaloids per liter of culture filtrate and 
increasing the alkaloid content of the mycelium to 1% of its dry weight. 

From these in vitro cultures we succeeded in isolating four new 
ergot alkaloids besides the three previously obtained. The new alka- 
loids are isopenniclavin (formula VI), the isomer of penniclavin (for- 

V mula V); setoclavin (formula III) and isosetoclavin (formula IV), an 
alkaloid pair; and chanoclavin (formula IX), a tricyclic secondary base. 
Chanoclavin is a new type of ergot alkaloid, containing an opened 
D ring. The complete structural formulas and configurations of the 
new alkaloids have been described. 

Pharmazeutisch-Chemisches Laboratorium Sandoz, Basel. 



151, Untersuchungen iiber den steriscben Verlauf saure- 
katalysierter Cyclisationen bei terpenoiden Polyenverbindungen. 

1. Mitteilung. 

Cyclisation der 7, ll-Dimethyl-2(trans), 6(trans), 10-dodecatrien- 
und der 7, ll-Dimethyl-2(cis), 6(trans) 9 10-dodecatrien-saure 
von P. A. Stadler 1 ), A. Nechvatal 2 ), A. J. Frey und A. Eschenmoser. 

Herrn Prof. Dr. T, Beichstein zum 60. Geburtstag gewidmet. 

(29.V.57.) 

A. Einleitung. 

Die Fortschritte der Konstitutionsf orschung auf dem Gebiete der 
alicyclischen Terpenverbindungen wahrend der letzten Jahre und vor 
allem die uberraschenden Ergebnisse der jungsten experimentellen 
Forschung iiber die Biogenese von Vertretern dieser Naturstoffklasse 
haben nicht zuletzt auch ein erhohtes Interesse an dem schon lange 

1 ) Vgl. auch P. Stadler, Diss. ETH Zurich, 1957. 

2 ) University of St. Andrews, Chemistry Department, Queens College, Dundee 
Angus (Scotland). 
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Tl Conformations of the ergot alkaloids chanoclavine-1 , 

aurantioclavine, and N-acetylaurantioclavine [Claviceps purpurea, 
Fungi]. 
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SO Chemistry of natural compounds., Sept/Oct 1983 (pub. 1984) Vol. 19, No. 5. 
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Biosynthesis of ergot alkaloids. Mechanism of the conversion of 

chanoclavine-l into tetracyclic ergolines 
AU Floss, Heinz G.; Tcheng-Lin, Marie; Chang, Ching-Jer; Naidoo, Bala; Blair, 

Garre E.; Abou-Chaar, Charles I.; Cassady, John M. 
CS Dep. Med. Chem., Purdue Univ., West Lafayette, Indiana, USA 
SO J. Amer. Chem. Soc. (1974), 96(6), 1898-909 
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SO PRIKL BIOKHIM MIKROBIOL, (1980) 16 (4), 569-577. 
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Tl Ergosine, ergosinine, and chanoclavine I from Epichloe typhina 
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SO J. Agric. Food Chem. (1979), 27(3), 595-8 

I LABORATORY PRODUCTION OF ERGOT ALKALOIDS BY SPECIES OF BALANSIA. 
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which supports R ( * C 3 H 7 and R 2 = C 4 H 9 . This analogy 
may be applied to the remainder of the CI mass spectra 
f r these alkal ids. 

Since no CI study was made on the epimeric species of 
these compounds* it is unknown if the observed differences 
among the a- and 0-ergosine, ergoptine, and ergokrystine 
(Table I) may be used to differentiate the alkyl moieties 
when R2 = isobutyl and/or sec-butyl. Also, it is unknown 
at present if the differences in ion intensities for C (Table 
I) is a reflection of the stability and/or ease of formation 
of C relative to the substituents R t and R* However, the 
data indicate that CI mass spectrometry is an effective and 
useful complement to the £1 spectra for the identification 
of the ergot peptide alkaloids. 
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Ergot Alkaloid Identification in Clavicipitaceae Systemic Fungi of Pasture Grasses 

James K. Porter,* Charles W. Bacon, Joe D. Robbins, and Don Betowski 1 

Hie isolation and identification of an alkaloid from Balansia epichloe, Balansia strangulans, and Epichloe 
typhina that corresponds to 6,7-secoagroclavine (UV; TLC; m/e) are reported. We report on the 
production of agroclavine, elymociavine, penniclavine, and festuclavine by E. typhina. In addition, the 
two ergot peptide alkaloids from E. typhina previously listed as ergosine and ergosinine when analyzed 
with isobutane chemical ionization mass spectroscopy corresponded to ergovaline and ergovalinine. 
Another systemic fungus, Balansia henningsiana, was shown to produce chanoclavine(s), dihydro- 
elymoclavine, and another presently unidentified ergoline alkaloid. 



Previous investigations (Bacon et al., 1979; Porter et al, 
1978, 1979a,b) of systemic fungi from toxic pasture grasses 
established that Balansia epichloe, Balansia claviceps, 



Toxicology and Biological Constituents Research Unit, 
Richard B. Russell Agricultural Research Center, Science 
and Education Administration, U.S. Department of Ag- 
riculture, Athens, Georgia (J.K.P., C.W.B., and J.D.R.), 
and Analytical Chemistry Branch, Environmental Pro- 
tecti n Agency, Athens, Georgia (D.B.). 

'Present address: U.S. Environmental Protection 
Agency, Environmental Monitoring Laboratory, Quality 
Assurance Division, Las Vegas, NV. 



Balansia henningsiana, Balansia strangulans, and 
Epichloe typhina produced clavine-tyr.v alkaloids in vitro. 
Bacon et al (1979) showed that several alkaloids produced 
by B. epichloe in vitro were also produced in vivo on 
parasitized smut grass (Sporobolus poiretii). These studies 
suggest that these systemic grass pathogens should be 
suspect in ergot toxicity syndromes of cattle and that 
"ergot" alkaloid biosynthesis occurs in other genera of 
Clavicipitaceae. The toxins responsible for the "ergoMike" 
syndromes observed in cattle have not been established. 
Therefore, it is important to characterize the alkaloids 
produced by these systemic grass pathogens. 

Laboratory studies have shown similarities in the ca- 
pability of Balansia and Epichloe to produce clavine al- 
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kaloids. The major differences in alkaloid biosynthesis 
between Balansia and Epichloe is that E. typhina may 
be distinguished by its ability to produce ergot peptide 
alkaloids similar to Claviceps purpurea (Brunner et al. f 
1979). In addition to the alkaloids that chromatographed 
with ergosine and ergosinine (Porter et ah, 1979a) and 
chanoclavine I, we also report the identification of agro- 
clavine, elymoclavine, penniclavine, and 6,7-secoagroclavine 
from a 20-week culture of E. typhina. All of these clavine 
alkaloids correspond to authentic standards as described 
(Fehr, 1967; Porter et aL t 1978, 1979b). The two ergot 
peptide fractions labeled ergosinine and ergosine (Porter 
et aL, 1979a) also corresponded with synthetic standards 
except for the minor discrepancies (i.e., ion intensities) in 
the low-resolution mass spectra as reported. These, along 
with an absence of the molecular ion, the low abundance 
of the diagnostic fragments of m/e 280, 210, and 86 amu, 
and the close similarity of the spectra of the other ho- 
mologous alkaloids (Brunner et al M 1979; Stadler et aL, 
1977), prompted further investigations into the identity 
of the ergot peptide alkaloids produced by E. typhina. 
Comparative TLC and low-resolution mass spectra elim- 
inated all of the natural and synthetic alkaloids of the 
ergotoxine and ergoxine groups (Brunner et aL, 1979) and 
all but ergosine and ergovaline from the ergotamine group. 
Interpretation of ergovaline's mass spectra (i.e., electron 
impact, EI, at 70 eV) is complicated by the fragmentation 
of the tricyclic peptide moiety resulting in the same atomic 
mass ions as the lysergic acid amide and clavine portions 
(Vokoun et al., 1974; Vokoun and Rehacek, 1975) of the 
alkaloid. The above is further compounded by the almost 
identical chemical and physical properties of ergosine and 
ergovaline (Brunner et al., 1979) and the problems of 
working with small quantities of a natural isolate (Porter 
et al, 1979a). Chemical ionization (CI) mass spectroscopy's 
{Afiffinstdi, 1072; Falcs et a!., 1970) compliment to 
low-resolution electron impact (EI) has been reported for 
differentiation of the alkyl substituents attached to the 
tricyclic peptide moiety of these alkaloids (Portei and 
Betwoski, 1981). Therefore, CI mass spectroscopy was 
used to compare the natural peptide alkaloids from £. 
typhina with authentic ergosine and ergovaline. 

Cultures of B. epichloe and B. stranguians were reported 
(Bacon et al., 1979; Porter et al., 1979a,b) to produce a 
clavine alkaloid (M + 240) that we now report as 6,7-se- 
coagrocalvine. The identification was based on the com- 
parison with a synthetic standard using ultraviolet (UV) 
and mass spectroscopy, cochromatography, and color re- 
action (blue) with p-(dimethylamino)benzaldehyde 
(PDAB) and also by a comparison of the methylated de- 
rivative of the natural alkaloids with synthetic N- 
methyl-6,7-secoagroclavine (Fehr, 1967). The 6,7-secoag- 
roclavine has been recently reported as a natural product 
from C. purpurea (Horwell and Verge, 1979). 

EXPERIMENTAL SECTION 

Organisms, culture, and alkaloid extraction, iso- 
lation, and detection methods were as previously 
described: B. epichloe (RRC 242), alkaloid no. 1 (Porter 
et a!., 1978, 1979b); B. stranguians (RRC 233), alkaloid 
fraction (Bacon et aL, 1979) and alkaloid m/e 240 (Porter 
et aL, 1978); E. typhina (RRC 238), ergot peptide alkaloids 
labeled ergosine and ergosinine (Porter et al., 1979a); £. 
typhina (RRC 238), a 20-week culture on media 104 
(Porter et aL, 1979a). In addition, £. typhina (RRC 238) 
was cultured for 12 weeks on 100 g of sorbitol, 10 g of 
glutamic acid, 1.0 g of yeast extract, 1.0 g of KH 2 P0 4 , 0.3 
g of MgS0 4 *7H A and 1000 mL of distilled water, and the 
pH adjusted to 5.6 with NH 4 OH, and the B. henningsiana 
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(RRC 243) alkaloid fraction obtained from Bacon et al. 
(1979). 

Chromatography. Thin- layer chromatography was 
performed on silica gei GF-254 according to reported 
procedures (Agurell, 1965; Porter et aL, 1979a; Stahl, 1969) 
with the following solvent systems: chloroform-methanol 
(CM). 4:1 (v/v); chloroform-dimethylamine (CDEA), 9:1 
(v/v) (Agurell, 1965); benzene-dimethylformamide 
(BDMF), 86.5:i3.5 (v/v) (Stahl, 1969); chloroform-meth- 
anol-concentrated ammonia (CMA), 94:5:1 (Horwell and 
Verge, 1979); chloroform-methanol, 9:1 (v/v) in a saturated 
ammonia atmosphere (CMAtm) (Cassady et al., 1973); 
methylene chloride-2-propanol (MP), 3:1 (v/v). 

Instrumental. Low-resolution electron impact mass 
spectra were obtained as reported (Porter et al., 1979a,b). 
Chemical ionization mass spectra were obtained via a 
direct inlet probe on a Varian Mat 44 quadrapole mass 
spectrometer equipped with an EI/CI source (~200 V). 
The ion source was maintained at a pressure of ~-200/*bar 
and operated at a temperature of -<245 °C. The probe 
temperature was programmed at 20 °C/min from ambient 
to 250 °C. The fragment ions were observed between 
175-200 °C. Only those ions occurring at a relative in- 
tensity greater than 1% are recorded. Isobutane was used 
as the reactant gas, and (perfluorotributyl)ainine (m/e 219, 
264, and 414 amu) was used as a calibration compound. 
Ultraviolet spectra were performed in methanol by using 
a Varian Cary 15 ultraviolet spectrometer. Infrared spectra 
were performed using KBr micropellets in a Perkin-Elmer 
Model 457A infrared spectrometer. Nuclear magnetic 
resonance spectra were performed in CD 3 OD by using a 
JEOL PS/PFT 100. Melting points were uncorrected and 
obtained with a Mettler FP5 apparatus connected to a 
Mettler FP52 microfurnace. 

Synthesis of 6,7-Secoagroclavine. N-Methyl-6,7- 
secoagroclavine [M + 254; mp 132-134 °C [lit mp 136 °C 
(Fehr, 1967)]] was synthesized from agroclavine (Eli-Lilly) 
according to Bhattacharji et aL (1962) and separated from 
its A 7 isomer [M + 254; mp 120 °C [lit mp 118-120 °C 
(Fehr, 1967)] by preparative TLC on silica gel GF 254 by 
using the CM solvent system {R { 0.57 and 0.50, respec- 
tively). The iV-methyl-6,7-secoagroclavine (0.4 mM) in 2 
mL of anhydrous acetone was treated with 0.7 mM of 
diethyl azodicarboxylate (Aldrich Chemical Co.) in 3 mL 
of anhydrous diethyl ether. The reaction mixture was 
stirred under N 2 for 5 h and allowed to stand in the re- 
frigerator overnight. The reaction mixture was extracted 
(3 X 3 mL) with a 2% tartaric acid solution. Extracts were 
combined, the pH was adjusted to - 10 with NH4OH, and 
the resulting solution was extracted with 3 times the 
equivalent volume of CHC1 3 . Hie alkaloidal extracts were 
combined, treated with anhydrous Na^O*, filtered, and 
subjected to preparative TLC (20 x 20 cm glass plates, 
0.75-mm silica gel GF-254) using the CDEA solvent system. 
The iV-methyl-6,7-secoagroclavine (rt, 0.70; M + 254) 
starting material separated from the reaction products (R f 
0.60) in this system. Low-resolution mass analyses of the 
reaction product(s) isolated from the silica gel suggested 
it consisted of at least three compounds: M + 252, m/e 237 
(252 - CH 3 ); M + 240, m/e 225 (240 - CH 3 ); M* 176, m/e 
131 (176 - OC 2 H 5 ). The desired product (M+ 240) was 
isolated from this mixture by preparative TLC using the 
BDFA solvent system (R f 0.37). After elution from the 
silica gel, this fraction was chromatographed in the CM 
solvent system {R f 0.23), followed by recrystallization from 
hexane [mp 132 *C [lit mp 138 °C (Fehr, 1967); lit. mp 
126-129 °C (Horwell and Verge, 1979)]], and the isolated 
compound had a UV, IR, and NMR as reported (Fehr, 
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1967). Also isolated in this chromatography system was 
a fraction [R f 0.57) that was visually observed as a dark 
blue band under 254 and 366 nm and gave a blue reaction 
toPDAB. Its absorption (A^" 317 and 236 nm) along 
with the low-resolution mass spectrum (M + 252, m/e 237, 
221, 206, 196, 181. 167, 154, and 85) gave indications that 
this fraction consisted mainly of a dehydrogenated N- 
methyl-6,7-secoagroclavine with the newly formed double 
bond being conjugated with the indole nucleus (Cassady 
et al., 1973). The mass spectrum also revealed the presence 
of diethyl hydrazinodicarboxylate (Fieser and Fieser, 1967; 
Yoneda et al., 1966), M + 176, m/e 131 and 130 amu, as a 
minor constituent. 

Methylation of Natural Products (M + 240) Isolated 
from B. epichlce and B. strangulans. Methanol, 200 
nL, and 10 drops of methyl iodide (Aldrich Chemical Co.) 
were added to sufficient chromatography material ( -^250 
tig) of each natural alkaloid. The systems were flushed 
with N 2l capped, and allowed to stand for 45 min at 40-45 
°C with periodic manual agitation. The reaction mixtures 
were concentrated under a stream of to 100 **L, and 
each was subjected to preparative TLC in CDEA as above. 
This system separated starting material from the semi- 
synthetic product (M + 254), indicative of the addition of 
one methyl substituted. 

Festuclavine from E. typhina (Sorbitol-Glutamic 
Acid Culture Media). The alkaloid fraction (Porter et 
al. t 1979a) from a 12-week culture was chromatographed 
on silica gel by using CM and was visualized by spraying 
with PDAB. The one band corresponding to a blue re- 
actic . for ergot alkaloids was scrapped from the TLC plate, 
eluted from the silica with chloroform-methanol, 1:1 (v/v), 
and chromatographed with authentic pyro-, costa-, and 
festuclavine in solvent systems CDEA and BDMF. The 
natural alkaloid from this culture corresponded to festu- 
clavine as determined by UV, TLC, and m/e (Agurell, 
1965; Vokoun et al., 1974). 

Clavine Alkaloids from B. henniogsiana. The al- 
kaloid fraction (625 jig, based on ergonovine maleate) 
isolated from a 5-week culture of B. henningsiana (Bacon 
et al., 1979) was subjected to preparative TLC in solvent 
system CM and resulted in three fractions (R f 0.10, 0.18, 
and 0.65) that gave a blue reaction with PDAB. Although 
fraction 1 (R f 0.10) corresponded to chanoclavine I in 
CDEA (Agurell, 1965) and CMAtm (Cassady et al., 1973; 
Porter et al., 1978) and its low-resolution mass spectrum 
showed M + 256, m/e 237, 183, and 154 as reported (Vok- 
oun et al., 1974), the quantity of material isolated was not 
sufficient to unequivocally eliminate the isomeric relatives. 
Fraction 2 (R f 0.18) cochromatographed with authentic 
dihydroelymoclavine (dihydrolysergol I, Eli Lilly) in CM 
(R f 0.18), CDEA (R f 0.15), CMAtm (R, 0.47), and MP (R, 

0. 04). Comparison of the low-resolution mass spectra of 
this fraction and dihydroelymoclavine (Table I) conducted 
under identical conditions showed discrepancies which may 
be the results of compound purity or an isomer that will 
not separate by chromatography under the conditions 
described. Attempts to compare the acetylation material 
effraction 2 with O-acetyldihydroelymoclavine synthesized 
according to Agurell et al. (1963) were unsuccessful, 
probably because of the quantity of the compound origi- 
nally isolated. Fraction 3 (CM, #,0.65) had a A^™**" 
and low-resolution mass spectrum (Figure 1) suggestive 
of either an isomer of dihydrolyseramide [CM, /?,0.26 [lit 
Rf 0.23 (Agurell, 1965)]] or a derivative of this compound, 

1. e., RCONHR' for R « ergoline [cf. m/e 144, Figure 1 
(Barber et al., 1965; Schmidt et al., 1978)] with the R' 
unknown. Fermentation conditions for B. henningsiana 
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Table I. Mass Fragmentation Comparison of 
Dihydroelymoclavine and Alkaloid Fraction 2 from 
B. he fining^ ana (cf. the Text) 
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Figure 1. (a) Alkaloid (fraction 3) from fi. henningsiana (cf. the 
text); (b) dihydrolyseramide. 

and the other systemic fungi mentioned above are under 
investigation in order to provide material sufficient for 
absolute identification of these alkaloids. 
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Table II. Major Diagnostic Mass Fragments of Synthetic 
syn ) 6,7.Secoagroclavine (Fehr, 1987) and mSSSSm 
Isolated from Systemic Fungi a epichloe (B.e!),B 
ttrangulans (B.a. K and £ typhma (E.t ) 
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RESULTS AND DISCUSSION 
^'f^P ofW-Week Culture otE. typhJna 
M 104. Preparative chromatography of the 
aftakud fraction from Porter et aL (1979a) rasfficagel GF 
^tS^ in P f ^°*> **t cocKato- 

graphed (R,) with (1) eigoainine (0.74), (2) ergosine (a60) 
(3) agroclavine (0.36), (4) penmclavine (0 tfRfflC 
d.^(0.21),and(6) dl aS 

SZlfT gel *•» ™*vi*«al fractions chronW 
graphed as homogeneous spots in the CM system with the 
au^ntoc standhrdB listed. Three of these^oTsep- 
aratod mto additional compounds on crmjmatagn^hyTn 

dkSSFi^l 8J T Fr f^ n 1 «P^tXtothe 
alkaloid that cochromatographed with ergosinine and a 
minor compound that was visualized as a blue spot only 
after spraying with PDAB. This minor omipound (R,0 76) 
was separated from ergosinine by developing the plates 2 

nms. Although this minor component anneaied homn. 

oStTOff' CDEA RMKm!™, 
0.79) and its UV spectrum suggested it was a simple indole 
ordavmeattdoid 281, 273, and 224 

the low-resolution mass analyses of this fraction sumested 

LSSu^T ° f8eVeral c^PounST SfSSJ 
tempsmtoe of the mass spectrometer was increased in 60 
L mcrements from ambient to 250 °C, major ions were 

?? d ™CW e 369, 314, 297, 270, 256, 237, 225. 207 194 

ifte above spectra may represent two compounds, one of 
which may be (or contain) the phenylalanylproUne lactam 
m^GwgeretaL, 1975); also, ^Sed^S^ 
mm POimd that is subject to pyrolyses prior 

Z£?w« 198l) - This fraction was stored 

under N 2 (0 °C) for future investigations. 

riwf l 8 ^ 60 *? 1 to preparative chromatography in the 
SILWl^!^/ 8ep ? rated intollymoclaWne 
!™£?lf,nV SEP 8,1(1 aaaAet compound that corre 
aP^Jed UV; TLC; m/e (Table II)] to the synthet k&. 

££K"IT , Fracti ™ 6 m ^ CDEA system consisted 

conS iSS?"** 1 ^ ^ We) a^ a few mtoor 
compounds that were not investigated. 

JSL"^ !l k, i ,oid8 IM * 240 C^Me H)J from B. 

It at^wS r p„l aL ' ^ » * (Bacon 
rj "7 V 7 , 9 ; Porter et aL, 1978), and E. tvahina hail 
rfentocal chromatography behavior with %3X£fS. 
gagodavme in the CM (R, 0.21), CDEA (R, 0.57) and 
CMA systems with ft, values relative to those of eWmo- 
davine and agroclavine (HorweU and Verg? !^ 
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f^Sir /m l8obuta ? e ehemical ionization mass spectra: (a) er- 
SATS' «^-W"«»&l)fZS 

Although the natural product could not be separated 
S? * CM and -fcTochvine in CDEA (Porter 

et aL, 1979b), these two systems along with CMA (HorweU 
f" d V «5p. 1979) may be used effectively foVtte pZa 
ratave TLC isolation of this compound P 

The low-resolution mass analyses for the above alkaloids 
rSTlr 111 ^ 1 of L 6 -?-sec« i grocIavine (Fehr. 1967) 
mTablen. Abo, the methylation product^) of the above 
compounds corresponded with synthetic MmeSe 7 

«f5f gr ^fc mC ,° a ^^a^aphy in CM and CDEA 
as descnbed (cf. synthesis). 

rv,^l ab °w^ 8tn l!? gIy ""SKC 8 * ^ the natural com- 

i^te^ 6 '-*? ecoagrocla r e: Paucity of the 

isolated materials prevented unequivocal establishment 
of conformabon and therefore does not rule outXpos- 
sibihty of C-5, C-IO(H) epimeric species. ^ 
Isobutane Chemical Ionization Mass Spectrometry 
of the Peptide Alkaloids from B. typhi^ThTd^. 

ported (Votoun et al, 1974; Vokoun and Renacek, W& 
The comical ionization mass spectrum of ergosine is 
c^pared with that of ergo valine and the imturd Z&fe 
alkalo.d isolated from E. typhina in Figure 2. UndeVci 
the peptide fragment for ergosine corresponding to m/e 
280 (Vokoun and Rehacek, 1975) undergoes tte ion- 
m °™/?' ctlon ««th isobutane, thereby producing the 
abundant fragment at m/e 281 [42% (Figure 2a)T Al- 
temativdy, ergosine may decompose via the diketo- 
etT^ffr 1 * (P"^?^ Betowski. 1981; Vokoun 
Ju • ° koun ^ Rehacke, 1975) which then un- 
dergoes the same reaction with isobutane. thus vieldimr 
«£211 a8%)(EI.m/e210)andsuppor^R = cS 
2 SL^ amide {n ^ e ^ corresponding to m/e 
i PL*SS Same mech anism, thereby resulting in 
m/e 268 (100%) for ergosine (Figure 2a). SimilarryTthe 

m/X P ^ fron B 'yP*™ figure 2c) resulted b 
m/e 267 (100%) and m/e 197 (95%), the peptide frag- 
mentemd^tiveof R = CJl, (Porter and tJERvR 
These two fragments corresponded to EI m/e 266 and 196, 
respect,vely (Porter et al., 1979a). and thus strongly su? 
port the identification of the natural compound from E. 
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typhina as ergovaline. The above ions for the natural 
product (Figure 2c) are also supported by the abundant 
lysergic acid amide fragment at m/e 268 (61%). The CI 
spectrum of natural ergovaline (i.e., from C. purpurea) is 
compared with the spectrum of the peptide alkaloid iso- 
lated from E. typhina (parts b and c of Figure 2, respec- 
tively). The minor differences observed in the relative 
intensities of m/e 267 and 197 between the two compounds 
may be a reflection of both instrument temperature and 
pressure at which pyrolysis and subsequent fragmentation 
occurs (Porter and Betowski, 1981) and possibly concen- 
tration of epimeric species. Figure 2b is the CI spectrum 
of ergovaline, whereas Figure 2c represents the spectrum 
of the epimeric mixture (i.e., ergovaline-ergovalinine) as 
determined by TLC. 

The above natural standard (Figure 2b) was isolated 
from a fraction containing ergosine (Brunner et al., 1979), 
and thus it is unknown at present if the minor fragments 
occurring at m/e 281 and 211 in both spectra (Figure 2b,c) 
represents trace amounts of ergosine (Figure 2a). Pure 
synthetic ergovaline was unavailable for these comparisons. 
Thus, the possibility exists that E. typhina produces er- 
gosine and eigosinine (Porter et al., 1979a) in trace 
amounts with ergovaline and ergovalinine as the major 
components. 

The above comparisons do not eliminate the possibility 
of the peptide alkaloids from E. typhina as being isomeric 
relatives of ergovaline and ergovalinine. Conformational 
analyses of these alkaloids, as with the clavine alkaloid 
from Balansia, are predicated on quantities sufficient for 
these determinations. 

Although the synthetic peptide alkaloids ergovaline and 
ergovalinine have been known for some time (Stadler et 
al., 1964), only recently have these alkaloids been reported 
as natural products (i.e., from cultures of C. purpurea) 
(Brunner et al., 1979). 
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to support the conclusion that/he barrier action of the 
stubble was a Significant meclanism. 
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Ergot Toxicity from Endophyte-Infected Grasses: A Review 1 
Charles W. Bacon 2 , Philip C. Lyons 3 , James K. Porter 2 , and Joe D, Robbins 2 



ABSTRACT 

Clarifying the role of grasses parasitized by a tribe of clavicipi- 
taceous endophytes (Balansiae) in the etiology of the many cattle 
(Bos taunts) ergot toxicity syndromes is essential for identifying the 
correct toxic grass and establishing the proper pasture management 
practice necessary to eliminate toxicity. The distinction is required 
as the management practice used to prevent ergot toxicity by Clav- 
iceps does not apply because of the systemic habit of the Balansiae. 
Research is reviewed, which established that endophytic parasites 
of many genera of warm-season perennial weed grasses and tall 
fescue (Festuca arundinacea Schreb.) are producers of toxic ergot 
alkaloids. This group of fungi is distinct from the closely related 
genus Clajiceps in being an intercellular parasite of leaf tissue. These 
fungi are/parastic on nine tribes of grasses that have a wide geo- 
graphic distribution in the western hemisphere. Nine ergot alkaloids 
belonging to the clavine group have been isolated from four species 
of Balansia cultured in laboratory media, and several of these have 
been isolated from parasitized grasses. Ergot alkaloid production by 
the remaining nine species of Balansia has not been examined. The 
endophyte of tall fescue produced both the clavine and ergotamine 
peptide groups of alkaloids in culture and in the grass. The pro- 
duction of ergot alkaloids by weed grass endophytes is host-related; 
therefore, each parasitized weed grass must be assessed for alkaloid 
production. AH isolates of B. epichloe ( Weese) Diehl from smutgrass 
(Sporobolus poiretii Roem. and Schult.) and 54% of the isolates of 
B. henningsiana (Moell.) Diehl from broomsedge (Andropogon vir- 
ginicusL.) produced the following alkaloids in culture: chanoclavine, 
ergonovine, ergonovinine, and agroclavine. Isolates of these two fungi 
from other grass genera did not produce alkaloids. While no exten- 
sive survey has been done to date, all infected tall fescue examined 
contains ergot alkaloids. The main peptide alkaloid produced by the 
tall fescue endophyte is ergovaline. The effects of this peptide al- 
kaloid on cattle have not been determined. However, the total al- 
kaloids produced in culture by B. epichloe reduced the serum pro- 
lactin levels in cattle and along with prior published accounts on the 
physiological effects of the clavine and peptide ergot alkaloids, es- 
tablished that these alkaloids can cause toxicity symptoms in cattle 
consuming infected plant material. Thus, pasture management prac- 
tices must include procedures that will prevent the growth of grasses 
that serve as host for endophytic fungi. 



Additional index words: Endophytic fungus, Fescue endophyte, 
Pasture toxic fungi, Cattle ergot toxicity, Clavicipitaceous systemic 
fungi, Parastic fung i of grasses, Toxic weed an d fescue grasses. 

Pasture systems are based on cattle (Bos taurus) 
performance, which results from nutrient intake 
of a specific forage or combination of grass and legume 
species. Theoretically ideal systems are unrealistic be- 
cause the environment of any given pasture consists 
of dynamic ecological factors that create marked im- 
balances in the botanical composition. Although cer- 
tain management strategies will help maintain a forage 
species in a pasture, there are a number of sites in 
most pastures that are unsuited for the intended spe- 
cies. Invariably, such areas serve as portals for a va- 
riety of forage or weed species. Many of these invading 
species may be grasses and have some redeeming for- 
age value, but since they are not the grass species 
planted they are considered weeds. Once established, 
these weed grasses can compete with the forage species 
for more desirable sites in pastures, and, depending 
on the rigor of the management practice, occupy large 
acreages in time. According to the grazing habit of the 
animal, these weed grass species can have redeeming 
forage value and contribute significantly to the diet. 
Herein lies the problem. These weed grasses can be 
readily consumed by animals, but their contribution 
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• n the dietary intake of the animal is oftentimes over- 
bed A performance problem that might be related 
!n ineesting weeds may be attributed to the major pas- 
ture crass without regard to the total diet of the animal. 

Toxicity in pastures is often attributed to toxic 
hroadleaf weeds; however, in many cases the problem 
rnav be grass toxicity. Pasture grass toxicities are his- 
torically attributed to the major forage grass estab- 
lished in the pasture. Thus, there are the tall fescue 
(Festuca arundinacea Schreb.) toxicity syndrome (54), 
bermudagrass \\Cynodon dactylon (L.) Pers.] tremors 
02) dalHsgrass (Paspalum dilatatum Poir.) poisoning 
f28) and ryegrass (Lolium perenne L.) staggers (23). 
It has been clearly demonstrated that these major 
grasses all have toxic constituents and at times pose 
problems to livestock. Interestingly, all of these toxic 
syndromes are similar to signs of ergot alkaloid poi- 
soning resulting from ingesting sclerotia of Claviceps 
species and may be categorized as either gangrenous 
or convulsive ergotism. Examination of fescue pas- 
tures for Claviceps indicated that this fungus was ab- 
sent* therefore, cattle toxicity was not produced by 
ingesting ergot sclerotia (54). Recently a systemic en- 
dophytic fungus, Epichloe typhina (Pers. ex Fr.) Tul. 
(Acremonium coenophialum Morgan-Jones and Gams), 
that is related to Claviceps, was isolated from cultivars 
of toxic tall fescue (6), and associated with poor cattle 
performance (42). Ryegrass toxicity is due to an en- 
dophytic fungus morphologically identical to that in 
fescue (23). Several grass species are parasitized by 
systemic fungi (11, 18, 24, 47), which suggests that 
these associations should be examined for similar tox- 
icity problems in cattle. 

We now have evidence that ergot-related pasture 
grass toxicity is not necessarily due to ingesting a ma- 
jor forage grass, but also to weed grasses parasitized 
by other endophytic fungi, species of Balansia and 
Myriogenospora, growing in association with the ma- 
jor pasture species. It is possible to have cattle show 
signs identical to those of fescue toxicity in a bahia- 
grass pasture where tall fescue is entirely absent. Thus, 
major pasture grasses might be blamed for poor cattle 
performance, when in fact toxicity is due to weed 
grasses. The purpose of this review is to present a series 
of studies that (i) describe the nature of the relation- 
ship between the endophytic parasite and its grass host; 
(ii) discuss the role played by a major forage grass, tall 
fescue, in cattle toxicities; (iii) clarify and indicate the 
role played by endophyte-weed associations in other 
cattle toxicity syndromes; and (iv) present recommen- 
dations concerning the use of endophyte-free fescue 
and weed grasses in pastures. 

THE GRASS-FUNGUS ASSOCIATION 

Weed Grasses 

These endophytes are parasitic fungi belonging to a 
small obscure tribe (Balansiae) of the Clavicipitaceae 
family, and are distinguished from the infamous and 
closely related genus Claviceps by their endophytic 
habit. Species of Claviceps are strictly localized ovar- 
ian parasites whose hyphae only penetrate the vascular 
system of the host floret (25). All the species of Bal- 
ansia, as well as other members of the Balansiae (At- 



kinsonella and Epichloe) are completely systemic, hy- 
phae are found between cells of various tissues of the 
leaf and inflorescence stem (Fig. la). Myriogenospora 
atramentosa (Berk, et Curt apud Berk) Diehl is the 
only exception to the endophytic habit in being lo- 
calized externally (superficially systemic) on the sur- 
face of leaves and developing flowers (24). Once a grass 
is parasitized by an endophyte species, it remains in- 
fected. While all Balansia species have the systemic 
habit in common, there are marked morphological dif- 
ferences between species. Based on these morpholog- 
ical variations, Diehl (11) recognized 13 species in the 
western hemisphere with four additional species hav- 
ing been reported from various locations in India (43). 
The endophytic hypha of each species appears similar 
within the tissue and cannot be distinguished. A spe- 
cies of Balansia is distinguished by the location of the 
stromata (fruiting bodies) on the grass. For example, 
B. epichloe (Weese) Diehl produces its stroma on the 
upper surface of the host leaf, whereas B. strangulans 
(Mont.) Diehl produces its stroma at the nodes of its 
host (Fig. lb, le). Detailed morphological studies have 
not been done on each species; however, we feel that 
each species cannot be distinguished on the basis of 
the morphology of the asexual stroma (39). The fine 
systemic hyphae are intercellular, run parallel with the 
long axis of the host cells, and occasionally there are 
branched hyphae that run horizontally for a short dis- 
tance (Fig. la). At areas of exits from the plant (node, 
leaf surface, etc.) that are peculiar to the fungal species, 
the very fine systemic hyphae become coarse and wide 
as they form the external stromata. The hyphae may 
exit by either separating two epidermal cells or grow 
through the stomata (38). 

Evidence of infection in grasses by species of Bal- 
ansia is not obvious without the appearance of exter- 
nal stromata. The usual necrotic lesions and other ob- 
vious symptoms that are characteristic of fungal 
parasitized plants are not produced by these fungi. The 
first sign of infection is the appearance of varying shades 
of white to black stromata on the leaves on flowering 
stem and parts of infected grasses (Fig. lb-lg). The 
stromata are structured within which spores are pro- 
duced and are useful indicators of infection. The role 
of these spores in infection is based largely on the 
observation that formation of the stromata occurs on 
the outside of the grass at the time noninfected host 
species are flowering and on the assumption that in- 
fection takes place through the flower. Since any one 
pasture would contain several weed grasses, each pas- 
ture must be monitored throughout its flowering pe- 
riods (spring, summer, or fall) to macroscopically de- 
termine infection of each weed species. It is expected 
that the spores produced on the stromata infect the 
ovule through the stigma; therefore, the parasitism is 
seed-borne, similar to the endophyte of tall fescue (3, 
39, 47). But unlike the endophyte of tall fescue, the 
species of Balansia produce external spores, which 
suggest that they have the potential to infect healthy 
plants. Infection taking place through the ovule is a 
generalization for all species and is based on the mea- 
ger but successful attempts by Diehl (1 1), who infected 
a grass with one species of Balansia. In this laboratory 
numerous attempts at infection have failed. We have 
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wrved on several occasions the development of an 
° Sed Plant from seed but this was not expenmen- 
in f nroduced Infection is maintained within a plant 
SSS 'perennial nature of the systemic hyphae 
^netted with meristematic tissues of the host. 
a thSnforrnation on the mode of infection and spread 
f the fungus stated above is concerned with chas- 
of oVnns Sowers and seed. However, certain grass 
*KK?S ^chaSrized by the production of two types 
Tflowers chasmogamous, and cleistogamous A re- 
It Sy indicated that Danthonia normally pro- 
Ses both types, but when infected with the endo- 
d S Atkinsone la it produced only cleistogamous 
Sower^na et seeds, which were capable o germi- 
SS and transmitting the Atkinsonella infection , {9 . 
The fnfection of cleistogamous flowers and dissemi- 
r«L« of cleistogamous seeds by Ba/a«si«-infected 
£ ses nave Steen examined but merit attention. 
Nevertheless, the species of the Balansiae are consid- 
Sed to follow the generalized life cycle of other en- 
dophytic fungi (Fig. 2). 

Tall Fescue 

The production of external fructification is by_no 
means the rule as symptomless systemic fungal infec- 
Ss occSr in pereLal ryegrass Wff pernneU 
m\ and several species of Festuca L. (41, 5U). lnc 
^XSinfccSon suggests that this relationship 

s Sremely compatible. However, it poses a problem 
relat ve to fungus identification. On laboratory media 

he endophy\e of tall fescue produces only the asexual 
state shmy, hyaline, ellipsoidal comdia borne on 
phSids This asexual state was assigned the name 



Sphacelia typhina by Saccardo in 1881 (40), and it was 
£3 1887 when this asexual state was established 
as being connected with the sexual state of Epichloe 
LS (Pers. ex Fr.) Tul (10), the choke disease of 
erasses The endophyte of fescue was initially referred 
to a 5. typhina (6, 41). Recently Morgan-Jones and 
Gams (29) on the basis of morphology of media-cul- 
mred fungi transferred the asexual state of the choke 
disease from Sphacelia to Acremonium typhinum and 
considered the fungus in tall fescue to differ signifi- 
cantly to warrant a new species, A coenophialum. 

Figu e 2 presents the life cycle of the taU fescue en- 
dophyte as it is presently defined. The endophyte is a 
seed-borne parasite in which the fungus hyphae are 
deeply sequestered between the epidermal cells of the 
scutellum and the starchy endosperm The fungus ar- 
rives aUhis location after initiating and I 
its intercellular growth with the growth of tall fescue 
flower shoots early in the spring. As stated above, the 
systemic hyphae of the endophyte of tall fescue are 
similar to other endophytes (Fig. la). 

The fescue seed is the only demonstrated means by 
which this parasite is dispersed and from which _ n- 
fec ion is accomplished. In the dormant seed the fun- 
gus fs located in the aleurone layer, mainly in the vi- 
dnity of the embryo, but it has not been observed in 
Te embryo. However, embryo infection apparently 
takes^lace shortly after germination, as Lyons and 
Bacon 26) have observed the fungus in the first in- 
fernode of the emerging shoot within 2 days of ger- 
mination. The coleoptile does not become infected a 
aH and the first leaf and subseqeunt eaves are not 
infected until after sheath differentiation occurs. 
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Among a seedling population, infection of the leaves 
occurs within a 2-week period, usually commencing 8 
to 10 days after germination, although this can be af- 
fected by environmental factors and possibly seed age 
and storage conditions. The fungus loses its viability 
in the seed over a period of about 1 yr unless the seed 
is stored at cold temperatures. Presently, the degree to 
which a seedlot is viably infected is determined reli- 
ably only by using a grow-out procedure in which the 
percent of infected seedlings produced by the seedlot 
is assayed. When using typical staining and micro- 
scopic methods for detecting the fungus in the seed- 
lings, it is impossible to actually detect the hyphae 
until the time when leaf infection occurs and the fun- 
gus proliferates. Thus, the grow-out procedure requires 
a minimum of 3 weeks or longer. 

The dissemination of the parasitism via seed serves 
an important and similar dispersal mechanism (49) as 
that of the fungal spore, and there may be advantages. 
Fungi of the Clavicipitaceae family are noted produc- 
ers of both asexual and sexual spores that are viable 
for only a few weeks. Thus, external infection by spe- 
cies of these two genera must take place within a short 
period. In seeds, the endophyte of tall fescue may be 
viable for an average period of 1 yr, so the potential 
for dissemination and infection have been increased. 
The tall fescue endophyte is located within the leaf 
sheath and not the blade, and a similar distribution 
has been reported for the endophytic fungus in per- 
ennial ryegrass (14). In contrast, systemic hyphae of 
other members of the Balansiae (species of Balansia) 
are distributed throughout the leaf blade and sheath, 
but unlike the fescue endophyte, hyphae of these spe- 
cies slightly alter host cell morphology (38, 45). 

HOST AND GEOGRAPHIC DISTRIBUTION 

Endophyte in Weeds 

There are 17 species of Balansia, of which 13 are 
endemic to the USA and other countries of the western 
hemisphere (11). Eleven of the 13 American species 
occur on nine tribes of the Gramineae, representing 
125 perennial grass species (Table 1). The remaining 
two Balansia species parasitize the Cyperaceae. The 
panicgrass tribe (Panicum sp.) (Paniceae) contains the 
largest number of recorded hosts for the Balansia spe- 
cies. Grasses belonging to this tribe include both tem- 
perate and tropical species with a very wide geograph- 
ical distribution. Several grass species of this large tribe 

Table 1. The distribution of the world species of Balansia among 
the grass tribes. 

Wbet Distributio n Balansia species 

% 

Agroatideae 23 
Andropogonease 23 
Bambuseae 15 
Chlorideae 25 
Festuceae 15 
Hordeae g 
Oryzeae g 
Paniceae 54 
Zigfln i fM i e g 

tTfcare are five tribes of grasses that are not reported as host Aveneae, 
Melinideae, Phaiarideae, Tripsaceae, and Zoysieae. 



are extremely obnoxious weeds, and therefore should 
be examined for infection by Balansia spp. The cited 
records for the Balansiae have established that in- 
fected grasses occur in this continent within a range 
of states from Florida in the South to New York 
andMassachusetts in the north, and west from Texas 
and Missouri to North Dakota. Since there has been 
no systematic large-scale survey of grasses for these 
elusive fungi, the number of host plants infected may 
be more extensive than reported. 

Almost all of the grass hosts of the Balansia species 
are considered weeds of varying forage quality. Some 
of the weed grass hosts have been domesticated and 
developed into cultivars with improved palatability 
and nutritional quality (19). One host, bermudagrass 
[Cynodon dactylon (L.) Pers.], is an economically im- 
portant forage grass in the South. Other host grasses 
that have been used for forages are Danthonia, Lolium, 
Poa 3 and Calamagrostis. The cultivated as well as non- 
cultivated grasses have value throughout the USA in 
low-rainfall areas and rangelands. Due to the vigor and 
recovery from excessive grazing, the distribution of 
weed grasses in pastures is extensive and cattle graze 
infected plants, consuming enough to show toxicity 
signs. 

The density of any one weed grass could reach 40% 
within a poorly managed pasture, or a pasture grass 
growing in its marginal zone, especially if the pasture 
grass is a cool-season species. For example, in a tall 
fescue pasture in Georgia, smutgrass (Sporobolus poir- 
etii Roem. and Schult.) is a major weed occurring dur- 
ing the summer months, and for lack of desirable for- 
age is grazed by cattle. Smutgrass is parasitized by B. 
epichloe and in some pastures as much as 60% of this 
grass is infected. Other weed grasses growing during 
the summer months in fescue pastures in Georgia are 
species of lovegrass (Eragrostis), panicgrass, and 
broomsedge (Andropogon). The density of the weed 
grasses depends on the terrain, climatic conditions, 
management, grazing pressure, and the vigor of the 
forage grass. The majority of the hosts of the Balansia 
are warm-season perennial grasses and sedges, ap- 
pearing most prevalent throughout summer and into 
early fall. Cattle grazing pastures during summer are 
therefore exposed to a variety of weed grasses, which, 
if infected, could expose the animal to a variety of 
toxins. 

Each weed grass species, if infected, is parasitized 
by one Balansia species; two species of Balansia do 
not occur on the same tiller. However, a grass species 
can serve as host for several of the Balansiae. For ex- 
ample, Andropogon scoparius Michx. is a host of B. 
epichloe and B. henningsiana (Moll.) Diehl, and Er- 
agrostis hirsuta (Michx.) Nees is a host for B. epichloe 
and M. atramentosa. Double infection of a single grass 
species by different genera of the Balansiae does occur. 
Thus, single plants of Panicum anceps Michx. are 
oftentimes infected with M. atramentosa and B. hen- 
ningsiana (24, 38). Double infection of the same host 
by these two parasites reflects the difference in ecol- 
ogical niches of their infection patterns. In B. hen- 
ningsiana, the mycelium is intercellular, and the fruit- 
ing stromata form on the abaxial leaf sheath; in M. 
atramentosa the mycelium is superficial and localized 
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into adaxial stromata on the leaf blade (24). The oc- 
currence of two or more hosts of a fungus species does 
not mean that all of the recorded hosts will be infected. 
In certain pasture situations, broomsedge may be par- 
asitized by B. henningsiana but another host for this 
fungus growing in close proximity to infected broom- 
cSle will be uninfected. In another location, the host 
Section pattern may be reversed. Simiter observa- 
fons have been reported by Diehl (1 1). This suggests 
that disseminaiton is by seed and that there may be 
host specific biotypes of the fungi. 

Endophyte in Tall Fescue 
The seed-borne nature of the parasite accounts for 
the widespread occurrence of infected tall fescue in the 
I ISA Tall fescue is considered to have originated in 
northern Europe, and indeed infected fescue has been 
reported from this location (44). Tall fescue is grown 
on 15 million ha and, based on a conservative esti- 
mate, three-fourths of these acres is infected. The use 
of infected European ecotypes to improve tall fescue, 
the permanent nature of fescue pastures, and the plant- 
ins of freshly harvested seed greatly assisted in the 
widespread infection pattern of fescue pastures. In ad- 
dition to tall fescue, 15 other species of fescue are re- 
ported as being infected (22, 50); several of these are 
endemic to the USA, and two of these are annual fes- 
cues The infection of the remaining 18 U. S>. species 
of fescue by an endophyte has not been determined. 
It appears that the genus Festuca may be uniformly 
parasitized by the endophyte regardless of the grass 
species' geographical origin and its annual or perennial 
growth habit. Collectively, the range of infected fescue 
species include all states of the continental USA (2U). 

Ecological Significance 
The pathogenic effects of the Balansiae are usually 
minor and sometimes absent. In contrast, it appears 
with some species that infection confers favorable at- 
tributes on the host, which may be important in its 
growth and survival. These various attributes may in- 
clude: altered growth habit and increased vigor insect 
resistance, and mammalian toxicity (9, 15, 51). 

Altered growth habit, increased vigor or both ap- 
parenty occurs in a number of endophyte-infected 
grasses. For example, Agrostis tenuis Sibth. was de- 
scribed as having a more prostrate habit and spreading 
more vigorously when infected with Epichloe typhina. 
The tall fescue endophyte, which is closely related to 
E. typhina, but does not sporulate on its hosts, also 
appears to increase the vigor of its hosts (37). Diehl 
(11) similarly observed that Cenchrus echinatus L., 
when infected with B. obtecta, was larger than its un- 
infected counterpart, and furthermore that with many 
grasses in older pastures infection with Balansia spp. 
became more predominant. This latter observation 
suggests that infected grasses have a competitive ad- 
vantage. Thus, it is interesting in this regard that Clay 
(9) found D. spicata infected with Atkinsonella nypox- 
ylon (Pk.) Diehl superior to uninfected plants when 
grown in competition with Anthoxanthus odoratum L. 

Where sterility does occur as a result of infection 
it seems that this represents a change in the host 



whereby sexual variation and dissemination by seed 
are sacrificed for an advantage in growth and survival 
over neighboring plants. In cases where plants are par- 
tially or entirely sterilized, some of the growth advan- 
tage may result from the fact that host assimilates nor- 
mally diverted to the flowering and reproductive 
processes are now available for continued vegetative 
growth. It is probable that hormonal effects are in- 
volved since growth habit can be altered and in- 
creased vigor occurs in infected grasses that are not 
sterilized (see Host Responses and Toxins below). 

It has recently been shown that endophyte infection 
can increase insect resistance in ryegrass (15) Tall tes- 
cue is noted for its resistance to insects and other pests. 
Studies on the significance of insect resistance in in- 
fected tall fescue pastures have not been conducted. 
Nevertheless, in ryegrass uninfected stands frequently 
suffer serious damage to the Argentine stem weevil in 
new Zealand (15, 23). To date, there is no evidence 
that infection by other species of the Balansiae confers 
resistance to any grasses, but studies to this effect are 
warranted in light of the potential ecological signifi- 
cance of this phenomenon. Since evidence concerning 
such resistance in tall fescue suggests that the host 
plays an important role, it may be that only in some 
grasses will this condition be expressed, even when 
different grasses are infected by the same fungus spe- 

HOST RESPONSES AND TOXINS 
Weed Grasses and Toxins 
Information on the effects of the Balansia on the 
host's morphology are largely observational and these 
effects probably are not caused by a single mechanism 
in all of these diseases. Although no necrotic lesions 
are produced, chlorotic lesions are eventually pro- 
duced in the area beneath and immediately surround- 
ing the stromata possibly due to shading. After a stroma 
matures on a leaf, it disintegrates, the chlorotic area 
becomes less chlorotic. Other symptoms of infection 
include lack of flower and seed development, dwart- 
ness, and deformation of the flag leaf. 

The dwarfed and fasciated condition of infected 
grasses possibly result from one or a combination ot 
the following: (i) nutritional stresses on the plant; (u) 
a physical barrier such as the development of a stroma 
at the time of flowering; and (iii) the production ot 
either plant growth inhibitors or altered metabolism 
of plant growth regulators. Plant inhibitors and altered 
hormone metabolism are likely possibilities when we 
consider that hyperauxiny in some parasitized plants 
is well established and that each of the major groups 
of plant hormones has been isolated from pathogenic 
fungi We have demonstrated that B. epichloe pro- 
duced indole acetic acid, indole ethanol, indole ace- 
tamide, and several other unidentified indole > deriva- 
tives in culture (30, 34). These studies established with 
wheat coleoptile (the biological assay) that an increase 
of up to 63% in growth occurred at low concentrations 
and complete inhibition of growth at high concentra- 
tions. The in situ production and effects of these hor- 
mones on the plant and the overall effects of C and N 
assimilation in infected plants have not been deter- 
mined, but are the subjects of current research. 
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Table 2. Alkaloid production in culture by species of Balansia. 



Fungus 
B. epichloe 



Ergot alkaloids 



B. ctaviceps 

B. henningsiana 
B. strangulans 



Chanoclavine I 

I sochanocla vine I 

Agroclavine 

Elymoclavine 

Penniclavine 

Ergonovine 

Ergonovinine 

6,7-Secoagroclavine 

Chanoclavine I 

Ergonovine 

Ergonovinine 

Chanoclavines 

Dihydroelymoclavine 

Chanoclavines 

6,7-Secoagroclavine 



References 


Indole alkaloids t 


References 


4, 5, 32 
32 


Erytho H3-indolyl)pro-pane-l,2,3-triol 


34,35 


4, 5, 32 






32 


Threo l-<3-indoly)pro-pane-l,2,3-trioI 


34,35 


4, 5,32 
4. 5, 32 
30 
5,32 
5,32 
5,32 


Indole acetic acid 
Indole ethanol 
Indole acetamide 


30 

OU 

30 


4, 5, 31 
31 






5,31 
31 







t Only B. epichloe were examined for indole alkaloids (nonergot type). 

Table 3. Host range and geographic distribution of Balansia 
epichloe (38). 

Host 

Agrostis alba 
Andropogon scoparius 
Andropogon sp. 
Calamogiostis canadensis 
Colo mogros tis inexpansa 
Calamogrostis sp. 
Chasmanthium laxum 
Chloris petraea 
Chloris sp. 
Chloris sp. 

Ctenium aromaticum 
Ergrostis capillaris 

Eragrostis hirsuta 

Eragrostis refracta 

Ergrostis secundiflora 
Eragrostis trichocolea 
Eragrostis sp. 
Gymnopogon ambiguus 
Oryzopsis asperi folia 
Panicum agrostoidea 
Panicum anceps 
Panicum sp. 
Sporobohts indicus 
Sporobolus poiretii 



Sporobobis sp. 
Thrasya petrosa 
Triodiaflava 



Generally the relationships of the Balansiae to a grass 
are fungus specific. Oftentimes infected plants are ster- 
ile and any seeds that may be produced do not ger- 
minate. There are two ways that sterility is imposed 
on plants. One is by the mechanical binding of fungus 
tissue to developing inflorescences as represented by 
B. claviceps and other members of the subgenus Eu- 
balansia Diehl (Fig. lb). The second is through hor- 
monal and other biochemical controls. This type is 
represented by the remaining species of Balansia be- 
longing to the subgenus Dothichloe, and, where host 
flower development is repressed. However, the effects 
of a fungus in the subgenus Dothichloe Diehl on its 
grass host are not absolute, which suggest a complex 
biochemical interaction. For example, one member of 
this subgenus, B. epichloe, produces total sterility of 
smutgrass, but two species of lovegrass infected with 
this same fungus produce flowers and set viable seed. 



Location 


Reference 


GA 


18 


NC 


11 


AL, SC, MO 


11 


WI 


11 


ND 


11 


WI 


11 


TX 


38 


Cuba, PR, FL 


11 


FL 


47 


Mexico 


11 


NC 


11 


AL, SC 


11 


FL, GA, VA 


47 


GA 


11 


AL, FL, VA, SC 


47 


AL, FL, G A, VA 


11 


SC 


47 


GA 


4 


FL 


11 


SC, FL 


11 


G A, NC, VA 


11 


PA 


47 


MO 


11 


GA 


7 


MS 


11 


AL, MS, Brazil 


11 


AE, LA, MS, AL, GA, NC 




FL, Costa Rica, Brazil 


11 


VA 


47 


AL, MS, FL, Brazil 


11 


Brazil 


11 


AL, KS 


11 



Paralleling this flowering phenomenon is the produc- 
tion of ergot alkaloids by this fungus. All isolates from 
smutgrass produce ergot alkaloids as opposed to the 
lack of production of these toxins from isolates from 
the Iovegrasses (4, 33). These two genera of grasses 
belong to the same tribe, but unlike the Iovegrasses, 
smutgrass is not a native grass of the western hemi- 
sphere and was introduced from tropical Asia (20). 
The Balansiae have not been reported in tropical Asia; 
therefore, smutgrass probably became infected after its 
introduction in the USA. The resulting toxins and lack 
of flowering suggest that this parasitism is not as com- 
patible as that in the native hosts. According to Diehl 
(11), there are 18 host species of foreign origin and of 
these, five are important forages: Axonopus compres- 
sus (Swartz) Beauv., Bambusa arundinacea Retz., Cy- 
nodon dactylon (L.) Pers., Setaria palmifolia (Koen.) 
Stapf, and Sorghum vulgare Pers. {S. bicolor). The 
distribution of toxic isolates of Balansiae from intro- 
duced hosts is unknown, but C. dactylon (bermuda- 
grass) periodically becomes toxic, and produces tremors 
in cattle, the signs of which are identical to those of 
convulsive ergotism ( 1 2, 36). The etiological agents are 
considered ergot alkaloids, but only on one occasion 
has a species of Claviceps been associated with toxic 
bermudagrass (36). Unfortunately, toxic bermudagrass 
was not examined for members of the Balansiae, but 
B. obtecta Diehl (Fig. lg) is reported as a parasite of 
this grass (11). 

The chemically identified toxins produced by Bal- 
ansia species are ergot alkaloids identical to those pro- 
duced by species of Claviceps (Table 2). the possibility 
of additional types of toxins should be explored. The 
bioproduction and chemical identification of the al- 
kaloids produced by members of the Balansiae in- 
volved a series of fermentations by isolates on labo- 
ratory media (4, 5). We used B. epichloe as a model 
for developing laboratory procedures necessary to de- 
termine ergot alkaloid production, and have included 
its host range and geographic distribution (Table 3) 
(38). This fungus has the highest frequency of occur- 
rence among the various grass tribes and several iso- 
lates are producers of high levels of ergot alkaloids. 
The fermentation procedure allowed us to conclude 
that a species of Balansia produced similar toxins in 
vitro and in vivo, and that nonproducing isolates in 
vitro are nonproducers in vivo (5). 
The specific requirements for a host, fungus, or both, 



whicl 
thep 
patib 
ake> 
prod 

migt 
It to 
men 
cotn 
acid 
oftl 
ther 
oft! 
pro< 
sho 
onl; 
one 
froi 
the 
B. < 
an( 
nit 
no 
di€ 
tio 
at 
ini 
co 
be 
to 
fe 
al 
v< 
is 
a\ 
a 



V 



BACON ET AL.: ERGOT TOXICITY: A REVIEW 



113 



which result in the production of ergot alkaloids in 
the plant are unknown, but possibly the degree of com- 
oatibility, as suggested above for smutgrass, might be 
a key factor. Strains of the fungus vary in their in vitro 
oroduction of alkaloids, and host produced precursors 
might also be involved in the final in vivo response. 
It has been determined that tryptophan is a require- 
ment for the laboratory culture of ergot alkaloids. This 
compound is not found in high levels in the free amino 
acid pool of several grasses; therefore, it could be one 
of the rate-limiting factors. In addition to tryptophan, 
there are probably other limitations. The relationship 
of the host with a genetic strain of the fungus in the 
production of ergot alkaloids is illustrated by data 
showing that isolates of the same species of Balansia 
only produced alkaloids on certain hosts (Table 4). In 
one pasture, 59% of the isolates of B. henningsiana 
from broomsedge produced alkaloids as opposed to 
the production of alkaloids by 100% of the isolates of 
B epichloe from smutgrass. Based on the distribution 
and density of broomsedge, this indicates that B, hen- 
ningsiannaAnkcied broomsedge in a pasture would 
not contribute as much ergot alkaloids to the cattle 
diet as 5. epichloe-infected smutgrass. In other loca- 
tions, broomsedge might not contain ergot alkaloids 
at all. We do not want to suggest that certain Balansia- 
infected grasses are not toxic, only that they do not 
contain ergot alkaloids. Other classes of toxins might 
be produced, but for a lack of a valid bioassay, these 
toxins have not been detected. Indeed, Balansia-in- 
fected grasses that do contain ergot alkaloids might 
also contain other types of toxins. Moreover, the in- 
volvement of a fungus-plant species in cattle toxicities 
is confounded because two to three species of Bal 
aAi5/a-infected weeds are oftentimes found in one lo- 
cation. 

Tall Fescue and Toxins 

The review by Yates (53) considered the various 
classes of compounds isolated from fescue relative to 
grass toxicity prior to 1984, while an earlier review 
(54) is of considerable historic significance since it de- 
fined the nature of the toxicity problem. Of current 
interest is the finding of ergot alkaloids in infected tall 
fescue that are identical to those produced by the fes- 
cue endophyte in culture. The purpose of this review 
is not to ignore the early isolated compounds nor pro- 
mulgate their unrelatedness to the fescue toxicity syn- 
drome, but rather to briefly review a potent class of 
ergot alkaloids never reported in fescue, whose very 
structure suggests that they are major candidates for 
toxicity. These recently isolated ergot alkaloids are to- 
tally unrelated to those alkaloids reported earlier (53, 



54) as being involved in the toxicity syndrome, e. g., 
perloline and loline. 

The ability of the endophyte of tall fescue to produce 
ergot alkaloids in culture was demonstrated in 1979 
(32), but it was not until recently that these same al- 
kaloids were isolated from leaf blades and sheaths of 
infected fescue (16, 27). Alkaloids are not found in 
noninfected tall fescue. It is not known if the other 
species of fescue parasitized by endophytes also con- 
tain ergot alkaloids. The endophyte of tall fescue pro- 
duces in addition to the clavine group characteristic 
of Balansia-weed infections, the much more biologi- 
cally active group of alkaloids, the ergotamine peptide 
alkaloids (Table 5). These fescue ergot alkaloids are 
distributed within the leaf blade and sheath (27) and 
seed (16). The distribution of ergot alkaloids in fescue 
indicate that there are quantitative differences. Since 
there is no fungus tissue in the blade, it is assumed 
that the ergot alkaloids are produced by the fungus 
and translocated to the blade. This assumption is 
strengthened when we consider that the isolated fun- 
gus produces ergot alkaloids in culture. The factors 
responsible for biosynthesis of the ergot alkaloids and 
their translocation may be related to the season, the 
nutrient status of the plant such as soil nitrogen, or 
both. It has been observed that high levels of N appear 
to increase fescue toxicity (16, 54). Stressing and non- 
stressing environmental conditions may also influence 
the level of ergot alkaloid synthesized. 

TOXICITY IN CATTLE 

The toxicity signs of ergotism in cattle include re- 
duced weight grain and milk production, emaciation, 
elevated temperatures, reproductive problems (failure 
to cycle or conceive and abortions), gangrene of the 
extremities, and nervous or palsy in the flank region. 
The degree to which any of these signs dominate in a 
herd would depend on the amount and chemical spe- 

Table 5. Total ergot alkaloid and pepetide ergot alkaloids in leaf 
sheaths and leaf blades of 15 endophyte-infected tall fescue 
samples collected from field and greenhouse. 



Range of concentrations 



Alkaloid fraction 



Leaf blade 



Leaf sheath 



Total ergot alkaloids t 
Peptide ergot alkaloids! 

ErgovalineJ 

Ergosinet 

ErgonineJ 



0.4-3.5 
0.1-0.5 
0.1-0.4 
<0.05 
<0.05 



nig kg" 1 



0.7-22.0 
0.3- 4.0 
0.3- 3.5 
<0.2 
£0.2 



t Concentrations determined colorimetrically with a modified Van Urk a 

reagent {5) and ergonovine as standard 
t Concentrations determined by tandem MS with ergovaline as standard. 



Table 4. The percentage of isolates of B. epichbeandB. henningsiana producing four major alkaloids from different grass species. 



Fungus species t 



Grass species 



Percentage isolates pro ducing major alkaloids 

Agroclavine Ergonovinine 



Chanoclavine (I) Ergonovine 



Percentage 
producing 
alkaloids 



B. epichloe 
B. epichloe 
B. epichloe 
B, henningsiana 
B. henningsiana 



S. poire Hi 
Eragrostis kirsuta 
E. secundiflora 
Andropogon virginicus 
Panicum tenerum 



100 
nd 
nd 
59 
nd 



63 
nd 
nd 
35 
nd 



42 
nd 
nd 
nd 
nd 



63 
nd 
nd 
35 
nd 



100 
nd 
nd 
59 
nd 



r»V(UH(I^OHWIU * *~wrrvw " ■ - 

t A total of 43 isolates of B. epichloe from S. poireUi and 34 isolates oiBJeyingsiaM ^^f^^^^^^M^^ 
Alkaloids were not detected (nd) in 15 isolates fromfi. hirsuta collected from Georgia, 5 isolates fromB. secundiflora collected in lezas. 
P. tenerum collected from Georgia, and 2 isolates from P. tenerum collected from Missouri. 
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Treat 



^Bl ^^^^^^'^^^^^^'^^^^^^^^^^^^fheoune^^ chatt* ™~ - i— « Ho,s tei „ eo WS 

Data from Wa.lner et al. (48) with JSZSmSA^T^ V<MS > fr ° m — ^i^L^. 



fnt o t ° lds consume d. Ergonovine and agroclav- 
ne are the most toxic of the alkaloids produced by 
the species ;Balansia. Many cattle toxicity signs are 
SSX m h °l e ^mentally produced inwXSuSJ 
animals (8), sheep (Ovis aries) and cattle (1 7 46 52) 
which suggests that the alkaloids produced' by end- 
pnytic fungi could in various combinations and con- 
centrations produce signs shown by cattle grazed on 

I^Thf n W r S , and en dopVinfected tall 
rescue. The effects of cultures of B. epichloe culture 
isolated from infected smutgrass on serum proCin 

fisted Uh*Z\ een dC !f rmined L (48) - This stu ^ estab 
Jr/ i fn th * fungus depressed serum prolactin levels 
S,'2!i addltl0n > there was a decrease in the milk- 
nrnH?., r Se m Semm P£ olactin concentration, but milk 
production was not affected in lactating cows. How- 
ever, addi Uonal studies indicated that \ decreaseTn 
semm prolactin 1 to 2 days before the onset oflac 
tation would cause a decrease in milk production dur- 
cSZES? ,acta ,r n 0, 2). This su^ests that cows 
consuming B. epichloe-infected weed grasses during 

SSSSTSf dCCrea ff Sed mi,k pSuctfonaftef 
partuntion The chronic effects of various levels of 
ergot alkaloids on cattle are unknown, but these fevels 
could cause the reduced weight gain directly or fn 
directly, as reported by Smith et al. (46) 
n.,1 «hff ° nal P rod 4 ct j on of ergot alkaloids through- 
fiUp? 8rOW u 8 penod and distribution within in- 
fected grasses has yet to be determined. It is unknown 
when the ergot alkaloids appear in the grass-fuZs 
association, although we have found significant con 
cemrations in infected tall fescue sampled for 5 Tf- 
terent months within three seasons of the year (C W 
.nwJV 984, un P ublishe d)- An analysis of field grown 
mfected smutgrass ,n late summer when black stro 
mata were evident demonstrated that leaves of £ 

ShSJS C T r a ; ned K 17 mg kg ~' total alka loids (drV 

ISffleVf hl2f ft Utl °, n ° f the t0xins in the sm ^ 
grass leaf blade, sheath, and root was not determined 

but data on the distribution of toxins in SSffiSte 

rdentifi e U d an ^ tatlVe differences - The major alkaSs 
mo JL- i / r0m ^"fcrass w ere chanoclavine (I) (16 0 
mg kg ' dry wt), and ergonovine (0.48 mg kg-' dry 
wt). There were several other alkaloids in the leave? 



but they were not identified because of their small 
concentration. In well-managed pastures weeds wi 

anZ™ SIT 3 SmaU F° rti0n ° f the grass commun" 
strain Zf f the V? mfeCted by an alkaloid-producing 
I ! n xr al grazing ma y not include them in 
the cattle diet. Nevertheless, if it is on a daily basis 
cattle grazing on itotoa-infected smutgrass would 
result in a considerable intake of alkaloid I Fot « 
ample, a 500-kg cow consuming only smutgrass would 
consume approximately 10 kg dry wt day-' of Se 
this cow would be ingesting a minimum of 170 mg 
Whfe°t a,kal ^ lds day " ' or 4 8 m 8 ergonovine day"' 8 

SJfa£SSH l ?S n8 0 1 ?" feSCUe W0U,d Consume »« 
nf» Jj/Si 0 S ' *i mu i t J )e re membered that the class 
of alkaloids produced by this endophyte is consider 

SiL m ^ e t0X1C ' 3nd their Physiological effect is very 
broad Moreover, as tall fescue is a major pasture sre 
cies, the likelihood of cattle consumiJSl'jSS^ 
thereby receiving chronic levels, is a reality ' 

vJfiS? oth , e {: ^P. th e ergotamine peptide al- 
kaloids produced by the fescue endophyte are char- 
acterized as having a wide spectrum of activities that 
include excitatory reflexes, hyperthermia, safivat on 
vomiting serotonin antagonism, reduction of serum 

traction, and vasoconstriction (8). These are signs of 
the fescue toxicity syndrome, and several of these sfsns 

iSdfS 28) uced by the clavine group of S£ 

The major peptide ergot alkaloid produced bv the 

effS SntlST " er8 ° Valine (Tab,e 5 > bu * ^e 
SSS »ni thC remaimn 8 Peptide alkaloids, er- 

E ( ?H rg0mne ' 0n u Cattle have not been dem- 
onstrated. However, ,t has been established that er- 

g hit m t me, K h , e Parent alkaloid of the class to which 

S l0ng ' Pr ° duced signs in catt «e and sheep 
similar to those seen m cattle grazing tall fescue (17 
52) The account by Woods et al. (52), relates the ef' 
in L°lZn nd C3ttle b0dy tem Peratures to variatLns 
-H^ffl &r=ant 

Shan't SSS& 6ffiCient ^ 
A comparative study of ergovaline and ergosine with 
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^mine on nidation in rats (Rattus sp.) indicated 
S5 not Si? « they similar to ergotamme, but they 
th 7 m 4 times more active (13), and have lower LD 50 
3 les (8) Thus tSe physiological effects of ergovahne 
V fd eSne are expected to be just as broad but more 
an • E eraotamine The laboratory studies suggest 
Sne ^acSf anionic effects of these biologically 
£e ^PtSe alkaloids alone and in combination wUh 
davine alkaloids, should be determined in cattle. 

CONCLUSION AND AGRONOMIC 
IMPLICATIONS 

Research on weed grass endophytes of pasture grasses 
^ established that ergot alkaloids are produced by 
r a „? Xr than Claviceps. The alkaloids are identical 
^S£^^^ ° f Cfavte/». which are 
ov Sn pSites of "grains. This suggests that the , pen 
Sal for alkaloid biosynthesis was conserved > during 
evoSion by various members of the famdy Clavic.p- 
iSeae The Balansiae, unlike species .of Claviceps, 
nroduce ergot alkaloids which are distributed through- 
Tt tK?nt, especially in the ^aves. Thus the man 
auemenf practice of mowing grass seed heads as rec 
Eended to prevent Claviceps infection would not 
KScial in removing endophyte-produced toxin 
Sd fungi from grasses. Mowing weed grasses might 
orevent the spread of the parasite by not allowing in- 
fection to take place, a priori, via seeds from noiun- 
fSed plants. This is an absolute requirement for tall 
fScue pastures where the level of infection increases 
due to the established seed-borne nature of the para- 
site For example, it is presently recommended that 
funguslee seeds be used to obtain endophyte- free : teg 
1 fescue pastures. These seeds are usually 99 to 95 m 
' fongus free bS the level of infection will in succeed^ 
yeafs incre'ase to a much higher level if seeds are al- 
lowed to develop. Indeed, preliminary field observa- 
£s indicate that depending on the prevailing envi- 
ronmental conditions, infected plants produced more 

grasses that invade and successfully compete with ma- 
jor pasture grasses. A fescue pasture can contain m- 
StSfescueVasses and infected weed grasses^In .cool- 
season grasses the density of weed g r ^ses and the ex- 
tent of their infection will be evident during the stress- 
ful period, i.e., summer. Weed grasses belonging to the 
panic grass tribe (Paniceae) should be examined for 
infection as most species of it serve : as ; host fo ■ BaU 
ansia spp. Pasture grass managemen designed to pre 
vent the growth of weed grasses should M emphasized 
and in terrains where a good stand of desirable forage 
cannot be achieved, the vigorously &fO™^ "° nh °* 
species should be planted. The selected weed I grass spe- 
cies should also have the ability to withstand I grazing 
conditions. Balansia-inkcttd weed g^sses that are es- 
tablished in pastures should be destroyed and a de- 
sirable forage P grass replanted. There is nc . known sy - 
temic fungicide that will permanently control group 
of fungi from established pastures. Recently some con- 
trol of the fescue endophyte has been , reported wth 
propiconazol {l-[2-(2,4-dichlorophenyl)-4-propyl-^ 
dioLan-2-ylmethyl]-l//l,24-triazole} and nad.me- 
fon [H4-chlorophenoxy)-3,3-dimethyl-l-(l//-l,A4- 



triazol-l-yl)-2-butanone] applied to established pas- 
tures 51) The cost of this control, which lasts for 1 
yr may prevent this method from being practical. 
Moreover, the use of a fungicide may have no value 
since depending on the endophyte there is always the 
risk of reinfection. The key here is to remove the in- 
fected hSS and replace it with a nonhost species or 
reinfected forage grass. Alternatively a i j jus hos ft* 
the Balansia can be used since ergot alkaloid accu 
mulation by an infected grass species is host and fun- 
dus r lated. y infected but nontoxic fescue . species may 
llso be used if future research establishes that they 

eX fhe potential ecological advantages to be derived 
bv certain grasses from infection by some of the Bal- 
ansiae are apparent from the 

ever depending on the grass or the effect^ mtection 
may or may not be desirable to the farmer. Thus, while 
Section of tall fescue with the endophyte may pos- 
sibW confer a growth advantage and better insect re- 
duce on the grass, it is unlikely that the advantages 
would be worth the losses arising from the resulting 
toxicity. This is especially true since insects are only 
rarely of consequence on tall fescue in the USA_ Fur- 
thermore, the growth advantage may be negated in _ a 
well-managed pasture. The dilemma that might be 
faced is very clear, as in the case of perennial ryegrass 
n New Zealand where infected pastures suffer little 
damage from the Argentine stem weevil (Listronotus 
tnadensis Kuschel^but may be highly toxic caus.ng 
the condition in cattle known as ryegrass staggers 
Conversely, uninfected pastures may be so severely 
affected by the stem weevil that they do not provide 
adequate grazing. Most of the Balansiae do not present 
?hfs kfnd of dilemma as they are present mainly on 
weedy grasses and as such are of no potential econom c 
benefit It is their potential as causal agents of toxicity 
that is of utmost concern. . 
1 In conclusion, the association of endophytic fungi 
with grasses is widespread, occurring on all but tour 
of the erass tribes. Without regard to any beneficial 
effects derived by each member from the association 
infected gmsses are potential hazards to catt e. Ergot 
pasture grass toxicities should not necessarily be at- 
tributed to infection of the major forage grass estab- 
lished by the farmer nor to infection by the genus Clav- 
S? the involvement of endophyte-infected grasses 
gSng in association with pasture grasses should be 
explored. 
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DOES DECREASED MOWING FREQUENCY ENHANCE 
ALKALOID PRODUCTION IN ENDOPHYTIC TALL FESCUE 
AND PERENNIAL RYEGRASS? 
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Abstract— Tall fescue, Festuca arundinacea, and perennial ryegrass, Lolium 
perenne, are widely infected with fungal endophytes {Neotyphodium spp.). The 
symbiosis between plant and fungus leads to synthesis of alkaloids that have 
been shown to be either toxic or act as feeding deterrents against insect pests. 
As cultural practices have the potential to regulate production of plant sec- 
ondary metabolites, we evaluated the influence of mowing frequency on the 
levels of major alkaloids in tall fescue and perennial ryegrass in the green- 
house. Tall fescue and perennial ryegrass maintained in 15-cm-diam. pots were 
cut to 5-cm height weekly or biweekly. Samples were taken monthly and the 
alkaloids extracted and analyzed by reverse-phase LC-MS. In tall fescue, ergo- 
valine, ergonovine, and ergocristine were identified, whereas only ergocristine 
was identified in perennial ryegrass samples. In tall fescue, we observed a trend 
showing higher levels in samples cut biweekly than in those cut weekly. A 
similar pattern was seen in some putative alkaloids that were not identified. In 
perennial ryegrass, ergocristine and two putative alkaloids followed a pattern 
similar to that of alkaloids in tall fescue. A survey of a few samples of perennial 
ryegrass using extractions specific to peramine and lolitrem B yielded evidence 
suggesting their presence as well as several other identified alkaloids. These 
data support the hypothesis that decreased mowing frequency enhances alkaloid 
production/accumulation in tall fescue and perennial ryegrass. 

Key Words— Fungal endophytes, Neotyphodium coenophialum, Neotyphodium 
lolii, alkaloids, tall fescue, Festuca arundinacea, perennial ryegrass, Lolium 
perenne, mowing frequency. 
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INTRODUCTION 

Tall fescue, Festuca arundinacea Schreb, and perennial ryegrass, Lolium perenne 
L., are widely infected by the fungal endophytes Neotyphodium coenophialum 
Morgan-Jones & Gams and Neotyphodium lolii Latch, Christensen & Samuels, 
respectively. These mutualistic symbioses lead to production of several alkaloids 
that provide infected plants with chemical defenses against herbivory (Prestidge 
et al., 1982). Livestock feeding on the endophyte-infected grass suffer toxicoses 
from alkaloid ingestion (Porter et aL, 1974; Hoveland, 1993). At least 15 species of 
insects are affected by endophyte alkaloids (Siegel et aL, 1990; Rowan et al., 1990; 
Breen, 1993). This chemical defense also extends to other organisms including 
nematodes (West et al., 1988) and fungi (White and Cole, 1985). 

Tall fescue and perennial ryegrass are widely used turf grasses in home lawns, 
golf course fairways, driving ranges, and public parks. They sometimes require 
application of pesticides to manage insect pests. Heavy use of chemical pesticides 
in urban environments leads to increased health risks to pets, children, and adults. 
Not surprisingly, the use of many organophosphate and carbamate pesticides has 
been banned by the United States Environmental Protection Agency or is under 
review in order to implement the Federal Food Quality Protection Act. However, 
this has, led to a more intensive use of other pesticides, such as neonicotinoids, 
that are deemed safe, relative to organophosphates. 

The potential of endophyte-mediated resistance offers a promising avenue 
of investigation (Clay, 1989). If pesticide use in urban environments could be 
reduced through cultural practices (fertilization, irrigation, clipping), this could 
lead to health and economic benefits for homeowners and managers of golf courses 
and recreational parks. There are indications that the alkaloid levels in endophyte- 
infected turf grasses can be manipulated by management practices. For instance, 
clipping has been shown to reduce alkaloid content in tall fescue (Belesky and 
Hill, 1997). This occurred as a function of nonstructural carbohydrates that were 
channeled from alkaloid synthesis to production of leaf matter. This led us to 
hypothesize that decreased mowing frequency would result in an increase in the 
level of endophytic alkaloids. Here we present results of a greenhouse study on 
the effect of mowing frequency on levels of major alkaloids produced in tall fescue 
and perennial ryegrass. 

METHODS AND MATERIALS 



Grass Management and Mowing Frequency. Six 15-cm-diam. cores of es- 
tablished stands of endophytic tall fescue, F. arundinacea, and endophytic peren- 
nial ryegrass, L. perenne , were taken from field plots established in 1999 at the 
Ohio Agricultural Research and Development Center. The cores were placed 
into 15-cm-diam. pots and transferred to a greenhouse in the fall of 2000. The 
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percentage of tillers infected by the endophyte was in the range of 30-100% with 
an average of 58% for the tall fescue, and 50-90% with an average of 77% for the 
perennial ryegrass (Grewal, unpublished data). Plants were maintained at 21°C 
day and 16°C night and a 16L:8D light cycle. Daylight was supplemented with 
artificial lighting as required. Plants were watered as a needed, and weekly ap- 
plications of Peters Professional fertilizer [(20-20-20 N-P-K) (Scotts Company, 
Maysville, Ohio, USA] was provided. The plants were maintained in greenhouse 
for four weeks before sampling was initiated. The grasses were cut to 5 -cm height 
either weekly or biweekly (every other week). 

Sampling. Triplicate samples were collected monthly, starting one month after 
the first treatment. Sampling was limited as much as possible to a quarter section 
of the pot where the grass was cut at the soil level. We tried to avoid collecting from 
a previously sampled sector. Samples were immediately frozen in liquid nitrogen 
and lyophilized. Dried samples were ground to a powder in a Cyclotech 1093 mill 
and stored for analysis. 

Alkaloid Extraction. A method described by Hill et al. (1993) with some 
modifications was used to extract alkaloids. Briefly, 100 mg of plant material were 
weighed and transferred into a liquid scintillation vial. One hundred nanograms 
of ergotamine were added as an internal standard. Nine ml of CHCI3 and 1 ml of 
0.01 N NaOH were added, and the sample was then agitated by wrist action for 
30 min. The sample was filtered through Whatman 1 PS filter paper and loaded 
onto 5 ml solid-phase extraction columns prepared as described by Hill et al. 
(1993). The columns contained 0.5 g of Ergosil at the bottom and 1 g of Na 2 S04 
on top separated by Whatman No. 41 filter paper disks. Pigments were eluted with 
an aspirated manifold with 5 ml of acetone-chloroform (75:25), and the residual 
acetone-chloroform was removed with 1 ml of diethyl ether. A detachable Nylon 
66 filter (22 fxm) was attached to the syringe and the alkaloids eluted by slowly 
plunging 2 ml of methanol through. The sample was evaporated to dryness under 
N2 flow and stored in the freezer untill analysis. 

Separate extraction methods were attempted to see if they would be better 
suited for detection of peramine and lolitrem B in perennial ryegrass, as described 
by Ball et al. (1995). Only a few samples were subjected to these extractions. 
Chlorophylls remaining after the lolitrem extraction method were removed by 
passing the samples through an aminopropyl SPE column. 

Data Collection. Samples were suspended in 100 fxl of methanol, and an- 
alyzed on a Waters LC-MS system using a Novapak Cig (2 x 150 mm) col- 
umn. The mobile phase was H20-methanol-acetonitrile plus 0.3% NH4OH 
(60:10:20:10). The flow rate was 0.27 ml/min in a linear gradient for 48 min, 
changed to 10: 10:70: 10 at 52 min, and returned to the original composition untill 
60 min. Peaks were detected with a Waters 996 Photodiode Array Detector, after 
which the flow was split in two with one part going through a Waters 474 Scan- 
ning Fluorescence Detector with excitation wavelength at 316 run and emission 
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wavelength at 413 nm, and the other to the mass spectrometer. Splitting of the 
flow was done as a precautionary measure to avoid damage to the fluorometer cell 
by the pressure in the system. Positive ion electrospray spectra were recorded on 
a Waters ZQ instrument. Soft ionization of the electrospray results in production 
of quasimolecular ions (M+H) + , where M represents molecular weight and H 
hydrogen. 

Direct-phase chromatography of samples following Ball et al. (1995) was 
carried out as described by Gallagher et al. (1985) using a Supelco (2 x 150 mm) 
silica column and acetonitrile-CH2Cl2 (80:20) for 30 min. The excitation and 
emission wavelengths of the fluorescence detector were set at 265 nm and 440 nm, 
respectively. 

Data Analysis. Quantification was based on the ergotamine internal standard. 
Repeated-measures (Statistica, StatSoft, Inc., Tulsa, Oklahoma, USA) analysis to 
look at the effect of time on alkaloid levels, and one-way ANOVA to compare 
samples from weekly and biweekly treatments at each sampling time were used. 
Replicates that could not be accurately determined due to interfering peaks in the 
chromatograms were excluded from analysis. 

RESULTS 



Alkaloids. Levels of major alkaloids and some of the unidentified putative 
alkaloids detected in tall fescue and perennial ryegrass are listed in Table 1 . In 
tall fescue, we identified eight alkaloids, of which ergovaline, ergonovine, and 
ergocristine were the major ones. In addition, three unknown compounds were 
present in large quantities. In perennial ryegrass, ergocristine was the major al- 
kaloid with two unidentified compounds. Evidence for eight more alkaloids was 
found using a method described by Ball et al. (1995). 

Tall Fescue. The repeated-measures analysis of ergonovine indicated a sig- 
nificant effect by month (Figure. 1) (F = 4.95, df= 3,12, P = 0.018). Biweekly 
cutting resulted in higher levels of ergonovine (F = \ \.ll,df= 1,3, P — 0.042) 
by the second month. 

The level of ergovaline in month 1 samples was higher in the grass subjected 
to weekly cutting than in grass clipped on a biweekly schedule (F = 10.73, df = 
1,3, P = 0.047), but by month 2 the biweekly treatment showed a large increase 
over the weekly treatment (F = 9.23, #=1,4, P = 0.038) (Figure 1). In the 
subsequent two months, a trend favoring biweekly mowing over weekly cutting 
was evident, but the differences were not significant due to large variation. 

Like ergonovine, ergocristine levels showed an effect by month in the 
repeated-measures analysis (F = 5.08, df= 3,12, P = 0.017), but the cutting fre- 
quency was significant only at month 2 where weekly cutting gave higher values 
(F = 6.81, df = 1,4, P = 0.059). Levels remained high for the first three months 
and then decreased considerably in both treatments (Figure 1). 
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Table 1. Alkaloids and Putative Alkaloids Found in Tall 
Fescue and Perennial Ryegrass Using Reverse-Phase LC-MS 
Electrospray Ionization 0 

Amounts 



943 



V* \Jt 1 Ul 111 


(M+H) + 


(ng/g) 


Tall fescue 






N-Formyl loline 




trace 


W-Acetyl-loline 


197 


trace 


Chanoclavine 


257 


<. i 


Ergonovine 


326 


7 1 a an 


Ergovaline 


534 


IV— LH\J 


Ergocryptine 


577 


< i 


Ergostine 


596 




Ergocristine 


611 


84-312 


Unknown A 


537 


370-4690 


Unknown B 


572 


936-4196 


Unknown C 


574 


48-391 


Perennial ryegrass 






Peramine* 


248 


trace 


Chanoclavine 6 


257 


trace 


Lysergamide* 


268 


trace 


Lysergic acid* 


269 


trace 


Ergonovine 6 


326 


trace 


Paxilline 6 


408 


trace 


Ergosine 6 


549 


trace 


Ergocristine 


611 


64-204 


Lolitrem B h 


686 


trace 


Unknown D 


553 


43^60 


Unknown B 


572 


33-99 



a The amounts (ng/g dry weight) are relative to an ergotamine internal standard. 
The compounds are in order of increasing size of their quasimolecular ions 
with known alkaloids listed first. (M+H)+ denotes molecular weieht (M) and 
hydrogen (H). 

b Alkaloids found using the methods of Ball et al. (1995) and direct phase 
chromatography. 

The three putative alkaloids (Figure 2, unknowns A, B, and C) all showed sig- 
nificant effects by month (A : F = 63.02,<// = 3,12; /> = 0.001;B:F = 4 20 df = 
3,12, P = 0.030; C: F — 3.66, df= 3,12, P = 0.044), as well as month x 'treat- 
ment interactions (A: F = 14.80, df = 3,12, P = 0.001; B: F = 8.34 df = 3 12 
P = 0.003; C: F = 6.37, df= 3,12, P = 0.008). During the second month of the 
study, all of the unknowns showed higher levels in samples from the biweekly cut- 
ting at month 2 (A: F = 55.40, df= 1,4, P = 0.002; B: F = 103 27 df= 1 3 
P = 0.002; C: F = 14.69, df= 1,4, P = 0.019). Biweekly treatment also re- 
sulted in higher levels of unknowns A and B at month 4 (A: F = 9 26 df = 1 4 
P = 0.038; B: F = 9.59, df= 1,3, P = 0.053). 
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Fig. 2. Mean (±SE) levels of unknown A, unknown B, and unknown C in tall fescue. 
Mowed Weekly (■) or biweekly The same letters on the columns at each sampling date 
indicate no differences between treatments at a — 0.05. 
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FIG. 3. Mean (±SE) levels of ergocristine, unknown D, and unknown B in perennial rye- 
grass. Mowed weekly (■) or biweekly ff). The same letters on the columns at each sampling 
date indicate no differences between treatments at a = 0.05. 

Perennial Ryegrass. Only ergocristine was positively identified in the peren- 
nial ryegrass. Repeated-measures analysis indicated a main effect by month 
(F = 8. 17, 4f = 3,9, P = 0.006), but no interaction. Biweekly treatments showed 
a slightly higher trend for the first three months over the weekly cutting 
(Figure 3). The level of ergocristine was similar to that in the tall fescue. For 



unknown D, the repe 
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main effect by month 
skly treatments showed 
;r the weekly cutting 
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unknown D, the repeated-measures analysis indicated a significant effect by month 
(F — 8.17, df — 3,9, P — 0.005) and month x treatment interaction (F = 14.00, 
df = 3,3, P = 0.028) (Figure 3). Levels of unknown D were higher in the biweekly 
treatment for the first three months (month 1: F = 28.77, df= 1,3, P = 0.013; 
month 2: F = 17.17, # = 1,4, P = 0.014; month 3: F = 16.04,- tf/= 1 2 P = 
0.057) (Figure 3). 

Samples from biweekly treatments contained more of unknown B than those 
from the weekly mowing for the first two months (month 1 : (F = 1 8. 14, df = 1 ,2, 
P = 0.051; month 2: F = 292.90, df= 1,2, P = 0.003). Unknown B is the sarne 
compound as unknown B in the tall fescue based on the quasimolecular ion 572, its 
fragmentation pattern, and retention time in the chromatography In addition, traces 
of peramine, chanoclavine, and ergostine were observed in some of the samples, 
but they were either poorly resolved or not detected in others (data not shown). 
The identity of other unknown peaks remains to be elucidated. The presence of 
several known alkaloids was observed in the few samples extracted by using the 
method of Ball et al. (1997) (Table 1). 

In weekly mowing treatments of both grasses, we observed an oscillating 
variation in the alkaloid levels. No evidence for this was seen in the biweekly 
mowing treatment. 



DISCUSSION 

Our results agree with those reported by others on the general composition 
of endophytic alkaloids in tall fescue and perennial ryegrass [(Porter et al., 1979; 
Lyons et al., 1986; Siegel et al., 1990)]. Ergovaline is generally considered to 
be the predominant alkaloid in tall fescue (Lyons et al., 1986). It was somewhat 
surprising that the levels of ergovaline that we found were low in comparison to 
the other identified alkaloids. However, the levels vary greatly depending on the 
endophyte-^iost combination (Siegel et al., 1990; Breen, 1993). Values as high as 
8 mg/g dry weight for loline alkaloids in tall fescue have been reported (Jones 
et al., 1983). Ergovaline levels from 166 to 1083 ng/g dry wt plant tissue have 
been shown in tall fescue (Rottinghaus et al., 1991). 

A common trend across all samples was the increased level of alkaloids in tall 
fescue samples subjected to biweekly mowing. Although differences in individual 
as well as in putative alkaloids were small, taken together they indicate a more 
consistent pattern. Small increases could have an important impact on herbivore 
performance if there were interactions between the alkaloids. Yates et al. (1989) 
reported synergistic interaction between perloline and ergocryptine on mortality 
of Oniopeltus fasciatus (Dallas). In fact, most clear-cut differences were seen at 
month 2. The exception to the trend was at month 1 where the weekly treatments 
sometimes had a higher alkaloid content than plants treated biweekly. 
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Alkaloids are more concentrated in the sheaths than in leaves. Rottinghaus 
et al. ( 1 99 1 ) reported ergovaline levels in tall fescue up to three times higher in leaf 
sheaths than leaves. Our samples were not separated into sheaths and leaves, and 
the grass was cut to the soil level. Samples from weekly cuttings would be expected 
to have a higher sheath-to-leaf ratio. Had the data indicated higher alkaloid content 
in samples from weekly cutting, this would have reflected the sheath-to-leaf ratio. 
As our data indicate a higher level in biweekly treatments, this would argue that 
the differences would be even more pronounced if the sheath-to-leaf ratio were the 
same in the two treatments. This is consistent with the reduction of alkaloid levels 
as a result of clipping when clipped and nonclipped tall fescue were compared 
(Belesky and Hill, 1997). Belesky and Hill (1997) suggest that carbon from photo- 
synthesis is used to build new leaf material, and is, thus, not available for alkaloid 
synthesis. This could also contribute to the low levels of ergovaline found. 

The unknown compounds exhibited trends similar to the identified alkaloids. 
However, we cannot be certain that these were, in fact, alkaloids. The extraction 
method and the solid-phase extraction, although yielding alkaloids, do not neces- 
sarily exclude other compounds with similar properties, e.g., phenolic compounds 
and chlorophylls. It should be pointed out that the unknown with a pseudomolec- 
ular weight of 572 is not a (M+K) + adduct of ergovaline, based on the absence of 
the (M+H)+ spectral ion at 534. 

The methods used did not provide good data for peramine or lolitrem B in 
the perennial ryegrass. Preliminary results using methods developed for peramine 
and lolitrem B extraction and direct-phase chromatography gave indications of 
the presence of not only these compounds, but also of ergosine, perloline methyl 
ether, paxilline, lysergic acid, and lysergamide in the perennial ryegrass samples. 
Lysergamide (ergine) may arise from solvolytic cleavage of lysergic acid during 
the extraction (Agurell, 1966). These data suggest that it may be necessary to 
analyze samples using different extraction and chromatography procedures to get a 
more comprehensive picture of the alkaloid profile in these grasses, e.g., ethanolic 
extraction of turf grasses has been successfully used for analysis of ergosterol 
(Logendra and Richardson, 1997). 

Results with the perennial ryegrass must be interpreted with some caution 
because of heavy infestation by the aphid Rhopalosiphum padi. Several species of 
aphids show no avoidance of alkaloids (Latch et al, 1985; Siegel et al., 1990). Tall 
fescue has been shown to be resistant to R. padi (Johnson et al., 1985) and was not 
attacked, although it was growing next to the infested perennial ryegrass. A differ- 
ence in the composition of the alkaloids in the two grasses could be one explanation 
for this. Our efforts to control the aphids with judicious application of azidirachtin 
were moderately successful, as we tried to avoid possible complications arising 
from the use of a synthetic pesticide. 

It is tempting to speculate that if the period between cuttings had been ex- 
tended to three weeks, the differences might have been more pronounced. From the 
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standpoint of a homeowner or a golf course manager, however, that might be im- 
practical. In many of the weekly treatments, we noticed oscillating fluctuations in 
the alkaloid levels. Oscillations usually result from negative feedback (Goldbeter 
and Dupont, 1990) and could indicate that synthesis of alkaloids is regulated by 
changes in metabolism resulting from cutting, as resources are allocated toward 
building of new leaf material at the expense of secondary metabolites. Oscillations 
were not seen in the biweekly treatment. 

The results do suggest the possibility that management practices, such as 
mowing frequency, could have an impact on alkaloid levels, and, as a concequence, 
on insect pest control in turf grasses. Specific endophyte-host genotypes providing 
control over insect pests are becoming available. Replacing established lawns 
and golf course fairways might not always be economically feasible. However, 
overseeding is a viable alternative, provided the new seed can establish itself in an 
existing stand (Richmond et al., 2000). The inconsistent control of insects with the 
use of endophytes (Clay et al„ 1985) may have its basis not only in the endophyte- 
host combination, but also in cultural practices such as mowing frequency. 
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Untersuchimgen iiber die enzymatische 
Umwandlung von Chanoclavin — I 

Von D. Erge. W. Maiek und D. Gkoger 
Wit, 2 Abbildungen 
(Eingcgangen am 30. Oktober 3972) 

Investigations on the Enzymatic Conversion 
of Chanoclavine — I 

Summary 

The jirojK'rti<>.s of an enzyme system which catalyzes tin- ring Hosure of elianocluvine-I 
to asrwcluvino were investigated. The so vailed ehanoclavine-J-cyclaKC- is found only if. sapro- 
phvticallv alkaloids produciiu: strains of ergot. The timenmrseof the appearance t.f ehanoclavine- 
I-rvrlase activity and tin- accumulation of alkaloids m submerged cultures of a clavine and of a 
peptide-type alkaloids producing strain was followed. The enzyme activity increased rapidly 
during the- transition of the tropho-to the idiophase and decreases markedly after day 9-10 of 
fermentation. The reaction is strongly dependent on ATP and NAD* or NADP+ but tow not 
require FAD. Interestingly the conversion takes place also under anaerobic, conditions. The 
crude enzyme extract could be stabilized by the addition of :•!(»% glycerol to the buffer solution. 
The enzyme system converted ehanoclavine-I, clianoclavine-I-aldeliyd but not isochiwiodavine-I 
to agroclavhie. A slight feedback inhibition of the activity was caused by elymoelavine and lyser- 
gic acid. Preliminary results indicate that the chanoclaviw-J-cyclase is an inducible enzyme 
system. 

1. Einleitung 

Fiir die Untersuchimg biochcmischcr Regulationsprozessc sind cingohende 
Kenntnisse tiber die die Bildung der Metabolite katalysicrcnden Enzyme unbodingt 
erf orderlich. Wahrcnd im Bereich des Primarstoffwechscls cin umfangreiches Material 
vorliegt sind bislang verhaltnismaiiig wenig fur die Sekundarstoff bildung spcjsifisobe 
Enzyme nachgewiesen worden. Dies gilt auch fur die Mutterkornalkaloidc. 

Es 1st bckamit. (15) 5 daB in Clavieeps-Arten folgendc Biosynthesekettc ablauft: 
Tryptophan und Mevalonsaurc reagieren unter Bildung von Dimcthylallyitrypto- 
phan. Das in 4-Stellung isoprcnylierte Tryptophan kann via Chanocluvin-I-* Agro- 
davin -» Elymoclavin in Lysergsaurc iibergchen. Von dcr Lysergsiiure Iciten sich 
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einfaehc saureamidartige Derivate (z. B. Ergometrin) unci die therapeutic wnngen 
ppntidalkaloidc wie ctwa Ergotamin ab. 

Eiuigc in vitro-Synthoscn bzw. AlkaloidumwandUmgcn sind bislang bckanat 
.eworden. Intcnsiv hat sich mit dieser Problematik Abe (1) beschaftigt Die teUfeie 
Synthcse vcrschiedener Clavinc ist von Carder und Anderson b) beschnebcn 
worden. Wahrcnd im Rohextrakt des Claviceps-Stammes PRL 1980 koine Aktmtat 
Ifvmden wurde, katalvsierte die Fraktion ,,60-80% Ammonsulfat-battigung- 
dif TJmwandlung oincs Gemisehcs von Isopentcnylpyrophosphat, Methiomn und 
Tryptophan in Chanoclavin, Agroclavin und Elymoclavin. Die gle.chc Fraktion 
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Wiu- in dcr Ugo Agroclavin zu Elyiuodsivin xu hydroxy lioron (20). Heinsteix pt al. 

(15) "elani; nl* cwte die Isolation dor Dimetliylallylpyrophosphat: L-Tryptopln.n- 
DhuKhvlallvltransferas, aus dem Stanim SI) 58. Die fiildung von LysergyW'oA 
besehriebenVi-i). Xadi Ouuxlana et al. (24) wamlelt oiu Rolienzym-Extrakt von 
Pennis,tu.u-Mutterkorn (a. a. Stanim SD08) riianoelaviu-I in Elyiuoelavui urn. 
Ohne dali dabei Agroclavin mt»tchcn soil. Kllralieh wd,- in unserem Laboratonuin 

(16) der onzytmitisehe RingversehliiB Chanoclavin- Agroclavin getuudon. Lbw 
weitere Ergcbnisso wird im folgonden beriehtet. 

2. Ergebnisse und Diskussion 

2.1. Procliiktbildung 
Tutor nusoreu Versuehsbedingimgcu wurde Chunoclavin-I stcts in das tetra- 
cyolischc Agroclavin QberfUhrt. Elymoclavin und Setoelavin als mogliehe Folgepro- 
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dukte ™on nach Inkubatioi. mit don. Kohcnzynioxtmkt nicht naelnve.sbar. D.esor 
Befund konuto durch Venrniduiip von Chanoclavin-P 4 C als Substrat bow.,- die 
Charaktefi S ienni K dos entstandencn Alkaloids durch DC in vorsehiedenen Losungs- 
miuol^niischon unci massenspektrometrisclie Untwsuthunpon gcs.clicrt word™. 
Vu. quantitative Auwagon trrffen xu komien, urn-do die Un.waudluugsrate (% 
? ebildotes Agrodaviii) durch quantitative DC ormittclt. Wir mochten dim* hnzym- 
svstem als Cbanoclavin-I-Cyclase bczeichnon. , 
" Hsu und Anderson (20). die ebcnfalls omen Kohonzymextrakt oines Uavin- 
biklncrs untcrsuchten. konntcn koine rnrwandlung von Chnnoelavin-1 feststollon. 
Bci den Yersuehen von Ogi'Nlaka el al. (24), die den gleiehon Stanim wie wir v,r- 
wendeton.don Rohenzvmextrakt aber auf anderoAYoise beroiteten. trat als onuses 
l-nnvandlung 5! produkt'Elvnioe.l»vin auf. Die moglicto- Zwisehonstufe A K r«Hj.vin 
konnlen sie niemals naolnveison. Aus diescn Griinden postnliorou sio omen d.rokien 
AVea von Chanoe,lavin-l^Elvn.oe.laviu. I.n Verlauf dieser Koaktinn soli die Doppel- 
binduii" J*. Q in Ohanoelarhi-i™dcru und ein Epoxydrinfiin K.17-l»os.i.on iioinklet 
Nverdeih Der ondjjulthje Beweis fur diose Annahnio uu.Li abor noeherbnielil werden. 

2.2. ]>nnonta1 ionsvorlauf und Enzy in.i kt ivitiit 
In Mutterkorustiimnieri, die saprophytiseh keine Alkaloide bilden. kcmiit.-n wir 
niemals (^hunodavin-l-rye.luse-Aktivitat uaehwoison. Kultiviert man Krjfoliiibildnor 
unter liedingungen. die keine Alkaloidsynthese erlaubeu. x. B. Clavieeps p.ispah, 
in einem corn steep pntluiltendon Medium, so ist dieses Hiizyn. system ebentalls nieht 
vorlianden. Alkaloidbilduup und Cyclaso-Aktivitiit sind offonbar siren- korrelicrt. und 
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bei den Stammen SD 58 und Pepty 695. (Bnsymaktlvltat/0,5 g Frisc hmvrel.) Fcrmentation*- 
xnedium NL 720. 
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. w , rVon latere*, A^^ 

Jlo ".» untersnchen. Dazu dientender Stan™ bD * £ ^ 

Snstamm Pepty 695 (Abb »■ ^J^f bgeTchlossen (7). —d 
t^phase (bezogen a«f den Prote "^ ™ k « vita ? vor handen. Em raider Zu- 
dTTrophophase Lst nnr em. germge I m Tewic h„ e n also 

£ta .n Cydasc-Aktivitat tat ^ to SUmm SD 58. Der hoehste 

Rrrinn der Idiophase. Das gleiohe tnttt zu tux -a KlJt urUg (Umsatz- 

Mm Peptidbildner ^jMm&V*** 

t(! ~ 50%) » verzeichne,, Danae < . nbeuk*^ ^ SD »8 torn 

.ehaltca zu beobaehtcn. Am Ende der I »nc ^ Cvclase-Aktmtat wird 

Cm m*r - «-ioht. Da dieCyc use 

i n b id.'.. Stannuc. vor dcm Upf el do hoetaton A ^ wr9t&llt ., ic h. 

fed, das *kte AbM dor E»*ym- 

, a ..... Anrtun vor der Alkaloi.kyi.thc.. »«« JI 6) wimll , in 9 Tag.' alt,., 

Hauptknlturcn nael.gew.esci; die Bez..nmW» 



nicht unters.iel.t. 



u , AllhSllsis k.,t dcr «^^Z^Z ilvah. de'r eLuelnen Co- 
d, s Stammes SD 58 1S t m Abb. 2 ' uw, l ,,c "» , m) 0m ci „e optim.de Agroelav.,,- 
iaktore,. criolgtem AnlchnuBB anOiCXi ana « vJJ- , un5cron Bedmg,mge.> 
bildung n. erreiehen, 1st oil. Zu»U v" AT? ooWrt g ^ , )hnc ATP- 

sincl 10ptt.l itP/AMrt i *W eh. D,c gc m„ v „ bi „ dungc „ zariiek- 
Gabe istwahrseheinlieh .»! S P« n ^^Tfe^tater Weta. ATP a.n R.ng- 
zufuhren, die .... Robenzym-Extrakt '»*^^£ wu!IJL « t a l.(M) P os,ulieren, 

« die H^-^^S-I t Sif ^ mit de,n SM-Ato... 
Pliosphatrestes em Larbomum 

rea inert. , ^ _ +Q „ iwfrh die Reaktiou der Protein- 

. * Welter ergab sieh, dafS in einen, bes «nn te B ^V„ en 01lthlel teu unsere 
i koiuentration (2 -8 mg/Ansatz) Kulturen des S.ammes SD 58 

Ansttzc 10-12 rag Protein. Gut ^tZinV umzaseton. Die Inkubaf onen 
waren in der Lage, 0,1 mg Chanoelavnn-1 ™«» ^ Du UmsatCTate sehwankte 

wa* B l«^i»»'» K W^ ! tf^tr^^»«ta. Bediugungen ent- 
bni diescr Konzcntration zwisehe.1 bO-SO ,„. un v 
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standcn bei ohier Inkubationszeit von 4 h 0,3-0,4 nig Ajjoelavin! h\w ^ orlangermi* 
dor Inkubationszeit fiihrto bei den vcrschiodonen Stammon nicht zu omer starkcroii 
Vroclavihbildung. Ini Bert fob zwisclien 28-35 °C lietfen sieh koine T'ntcrsclnecle 
dor Enzvmaktivitftt icststellen . Nicht einlieitlich war das Bild bei Zugabo von Mg : +. 
I'm opt'imalc Agroclavinbildung zu crziclon. war beim l'optidbildnor ein Zusatz von 
'■>0^MolMgCI,'6H 2 O notwendig, wfthrend bcim Clavinbildncr die-so Mongo Ms ■■•+ 
Ohio 50° o igc Hcmmnng dor ('hunoclaviu-I-Cydaso-Aktivitjit bowirlcto. In Ogonwarr, 
von Y\l) tritt kcino Agroclavinbildung oin. Strikt abhangig ist dio Eoaktiou von dor 
Zu-abe von Nieotinaniidnuclcotidon. Ohno Znsatz von Pyridin microti den war k, in 
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Abb. 2a. Abhiingigkeit tier Umwandlung von Cliaiioclavjii-I von oinzclnen Rnktorcn des 
Testansatzes. Allgeroeiner Reaktionsansatz: siche cxperimentollcr Tell. Stamm SI) 58. Fcrmen- 
tathmsmedium NL720. Alter <les Mycels 6-C Tage. Proteingehalt 12 -U mf/Aiwatz. Mit Aus- 
nalirae dcr zu prufenden Substanz waren alle anderen Faktoren in der Sattignng»k©xui'i»triition 
vorhanden. 
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[Tntereur-liungen uoer uie tsu-Ayuw.ua*. ■ 

Umsatz zu beobachtcn. Die Cyclase gehfirt offenbar zu den Enzymsystemen, bei douufi 
beide Coenzvme wirksam sind, da nut NAD* sowie NADP+ der Ringvorsehhd, 
eifolffte. Holier* Umwandlungsraten liefien sich mlt NADP + bzw. NADPH im \ er- 
crleich zu NAD* bxw. NADH errielen. Noch ungeklart ist. ob die oxydierte odcr die 
rcduzierte Form der Coenzvme prinur in die Reaktion eingreift, da liber den Mecha- 
nismus dcs Ringschlusses nichts bekannt ist. Falls dor erste Schritt in d« BildunK 
des Chanoclavinaldehvds besteht (23), konntc man annchmen, dofi NADPH" odor 
>-\D- als Coenzvme der cntsprcchenden Dehydrogenase fungieren. Die Tatsacne, 
daB aueh die jeweiligen rcduzierten Formen der Pyridinnucleotide wirksam siml. 
erklart aioh zwanglos durch die Venvendung von Rohextraktcn, in denen offenbar 
Reaktionen ablaufen. die zu NAD- und NADP+ fUhren. 

Durch SchUttcln der Inkubationsansatze wurde weder cine Erhohung der I. in- 
satwatu beobachtet, noch konnten andero Alkaloide nacbgewicsen werden. Der Rmjr- 
*chlul$ zum totracvc-lischiMi Agrodavin lauft im Gegenteil audi unter anaembeii 
BpdinKiin««Mi all. Inkubationsvorsuebe unter N 2 l)zw. Argon ergaben die glen-hen 
Worte'wie Kontrollexperimeiito unter Normalbedingungon! Diese Kefimde solltcn 
bei einer zukiinfturen Diskussion des RingsohliiBmpchaniainiis: Chanoclavin-l «> 
\«Toclrtvin IJoachtiuiK findon. Die bisherigon Vorstdlungen gehen davon a«s f dal.5 
am V-fi unter Allvlunilagorung Hue Oxydation erfolgt. Nacli l£limi nation der mug- 
lidierwoise phospiiorvlierten ITvdroxylgruppe und Versehiebung der Doppelbimluug 
wiii-de ein Carboiiium-ton am C-LO eutatehen, dns durch eloktrophilen Angntf :im 
r-o <len Riuff sddieBen konnte. (8, 2l>). Die Beteiligung oxydierter Zwisdicnstufeu bei 
der Klymodadiibildmu* ist audi von (•>«>) diskutiert wurdon. 




/L Mo I Nicotmamidnucleobtd 



Abb. 2 b. LtfgciNle wie Abb. 2 a. 
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94Q 1). Ehisk, W. Maikh unci D. Gkuger 

Offenbar lauft abcr die Ycnwfaiebung dor Doppelbindung bzw. dorcn interme- 
diiire Aufhebung (10) mid dor uocbfolgcndo RingwhluB ohne Beteihgung oxydativer 

Dip Enzvmprapuratc liuBcn sich ohne Aktivitiitsvprliist 7 Taiio bei -40 T 
auiboAYahroii.' Eino LaRcniug bci 0 °C fttbrtP sehnn mieh 12 h *u vfilUg inaktivi-i. 
Rohonzvmpxtrakten. Eino bomerkcnsAverto Stabilisiernng lieli sieh durch cineii 
H0%ijroTi Zusatz von Glycerin zum Auisehlufipuffer erreidien. Filter dicsen Bedin- 
ffungen behielt dor Kohonzymextrakt soino voile Aktivitat bci 0 T. fiir 48 h. 

Versucbc zur Anroichcrung des Enmnsystonts sind bislang fohlgeschlagon. 
So ffinc dor grOBto Tril dor Aktivitat durch Aniniomnntsulfat-Fatlung mid ausclilie- 
iioinlor Dialysc odor durch Chromatographic an pi nor Sophadox G-25-Sanlo vorlorcn 
(Tabcllo 1). ' Durch Zugabo vorschiodener Extrakto koniite dio Aktivitat parliell 
AYiedorhergestcllt cordon. Daboi liandelto os sich mn liohonzynioxtnikto. dio selbst 
nicht in dor Lago \varon. dio Uiinvandlung zu katalysioron (Zusatz A. Dl. odor imi don 
nach Profpinfilhuig dor Extrakto goAvonnonon khiren fbomand (Znsatz CD). 

Tahollr 1 ChnnorfMVin-I-<V»-lu8o-Aktivitut im Roliciuymcvtrakt d«R Ktn mines "»8 inul nacli 
nitration uber SejiliiulMC 0-25. Inkubatioimrir: 41>: Tomperatnr: fti "V. I'nitc.iu- 
"ohalt: 12-14 mir/Aiis:itx. Foljrtmdo Zusiitzi' wunltti s»i»i>3 ixi*' rt ^ A: (),."> ml Rtilienzym- 
pxtnikt SP 58 pevawhen in <U3 3 (1 alt; H: (»,»"» ml Obt>rst;nuJ iIpk RnliMi*ymcx- 
tniktcs SDmK ircwasclK'ii in NL01J nach Prntoin-Fiillung Corliitzt .'> mm uutc.i 
auf (10 °(' (20)); V: 0,f> mJ Ubflrstand ilcs Rolii'iucymoxtrakti's S'Of.* jrewaolisoii in 
XL Gil nach" iTotoinfailwiR duu-h Ath«n<il. I>: 0.5 m* RoliMixympxtrakt 342 
prwurliKcn in eincm corn stoop medium 

Nr. Ansatz Zusatz /itf) 

Alto- Chinio- Airriuliivin 

clavin clavin <? 
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i) nach DC-Trenxmng des Inkubtftionsausatzes 



JUL-1S-2002 14:23 Linda Hall Library 816 926 8785 P. 
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Diese Bofunde machen es wahrschcinlich, daB neben den Pyridinnucleotiden und ATP 
nooh weitcrc unbekaunte nicdermolekulare Cofaktoren an- der Beokhon beteibgt 
Bind Ohne Erfolg warden ate Zusatzo der Extrakte nach Chromatography ubcr beph- 
adex G-26 getestet: Vitamin Free Yeast Base, Liver Extract. Pyridoxalphosphat, 
Glutathion, Folsaure, verschiedene Pterine, Co A. 

2.4. Substratspezifitat und Wirkung von Effektoren 
Von den tricvclischen hvdroxyliertcn Clavinalkaloiden, den f ,Chanoclavinen", 
<incl bislang vier" verschiedene Stereoisomer* bekannt gcwordcn: Chanoclavm-I 
r S oehanoclavin-I,(-) Chanodavin-II sowie das entsprechende Racemat. Lange Zeit 
war die Stcllung der im Ring D geftffneton Clavine im Stoffwcehsel dcs Mutterkorns 
unbekannt. Der eindeutigc Einbau von Chanoclavin-I in tetracyclische (Javinalka- 
loidi- ist von G ROGER ct al. (17) bcschricben worden. Betrachtot man die stereo- 
chemiachpnVerhaltnifflO.ao kounte .nan vcrmuten. dnB Isoehanoclavm-I, be. demdas 
Stickatoffatom der Hvdroxymethylgruppe beuachbart ist, als unmittclbare \ orstuto 
dor t«tracvcli8ch«n Inline f.mgiort. Keiib ct al. (9) konnten als Erste abcr rmdcutig 
n^hweisen, daB Isochanoclnvin-I kei.i Vorttufer der Ergolinc ist, sondern nur 
I'hanoclaviti-I inkorporiort wird. AuE Grand der Radioaktivitiitsvertrilung muB 
man annehmen, daB beim Uborgang Ohanoclaviri-I -> Agroclavin erne trans-ow 
Ismnerisicrung an der 8.9 Doppribindung ortolgt. Zum gleiehe.v Urgobnisw kamen 
Flc.ss et al.(l2, 13). Da Floss et a!. (2:$) woiterhin zuigen konnten, daB Chanodavm- 
I-altlnhyd in Eivmoelavin spoziCisch cingebaut wird, kann man vcrmuten. dafi der 
Aldi-hyd bei der Bildung dca Agroelavins als essentielle Zwiachcnatufc durchUui[en 
wird Durch Vorcvr und Zier(27) sind Dihydrochanodavine zngiinglich gcworden, 
die in Spuren in Sklerotion sowic saprophytischon Kulturen bestitnmter Stainmc 
rorkommen. Nach (28) sollen die Dihydrochanoclavinc in vivo in die entsprechenden 
Dihydroclavine sowie nach Dehydricrung in gcringercm MaBe in Agroclavin iiborf iihrt 
werden. 

Es war nun von Interesse zn imtcrsuchen, wolche Substrate durch unser tnzym- 
systom umgewandelt werden, d. h.. es sollte gekliirt werden, ob in vivo und in vitro 
die gleichen Reaktionen ablaufcn. Zu diosem Zweck wurden die in Tabellc 2 angegc- 
benen Alkaloide mit dem gleichen Rohcnzymoxtrakt inkubiert. Wie zuenvarten, 
wurde auch bei diosem Versuch Chanoclavin-I in guten Ausbeutcn (— 00-65%) 
in Agroclavin uberfuhrt. Isochanoclavin-I dagegen wurde nicht umgewandelt, 
sondern wurde unverandert wiedergofunden. Praktisch die gleichen Verhaltnisse 
liegen beim Dihydroehanoclaviu vor. Die geringen nach DC-Trennung gefimdenen 
Mengcu an Agroclavin sind im Rohextrakt enthalten und sind nicht auf erne I ru- 
wandlung zumckzufuhren. Da Festuclaviu niemals im Rolienzymextrakt nachweisbar 
war. kann man schUeBen. daB unser Chanoclavm-I-Cyclase-Priiparat in der Lage jst, 
Dihydroehanoclaviu in Dihydroagroclavin umzuwandeln. Allerdings ist die Urn- 
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4 
5 
f. 
7 

<t 

10 
11 
12 
lil 

14 
l.'i 



10 
is f 



u,."i mg Chanocbvin-1 
u.r> m? Ghimodaviii-l 
0.5 in? Chanorlaviii-1 
0.5 mg Ch:uif»cli»viii-I 
0.5 nur Isorliamx'bviii'l 
0.5 msr iKctchiUiot'liivin-I 
o.o m$r lsocluinovlsiviii-] 
O.o lso<-hsii\«>rliiviii-l 
(1.5 nic Dihydnx-liiiTHxInvin 
(i.'i mil Pihydrorhiiwirliivin 
(i.5 ms: Dilmlrorhimoi'lavm 
(1.5 ni« Pihydrocliiinoflavin 
(>,!?:■) mg Chanoflavin-1- 
nldelmP) 

0.;1"> mix Chanm-lavin-l- 
aldi-hyd 8 ) 

0.3-i mg ChanorJavin-1- 
iiUU'liyd 3 ) 

0.:>:-i mg Cliaiioclavin-J- 
iilrirliyd*) 

o,:-;3 mg Chanoclaviii-1- 
wldpIivd-NADPH-ATP 



45 



41! 



48 

50 
14 
Hi 



4C 

48 

50 
15 
Hi 



1 1 Nurlt DC-Trcnnuns dt>s 1 nkubu t i oixsa nsatws 

o", i -4: ThanoHavin-l, ii-8 Jw.rliaiiatlnvin-1, 0 - 12: l)i1,y.lr.,.-h»««r| ! .v,.i 
3i bprochm-t auf 0,8 ml Alknloidcxtvakt - 100 /ig CJi«n»aldfJiyd 

wandhinR*rata wcscntlich finger als boim Ein*alr. von Chanodavin-T. AVio aus 
den VcnudMHi 13-10 der'Tabelle 2 banrorgrht. katalyaicrt die Cyclase audi don 
Rinwhlufi dos Chanoclavin-I-aldchyds. Bci dor AuftriMiming tier Rcaktumsprodiikt, 
nach dor Inkubation lirfi sich dcr Aldohyd nur in Spur™ nacWiScn. erklait 
aus der Tatsachc. dafi d*K cmpfindUche Substanz bci unstavr Aiiiarbcilunip- 
methodc (Ausschuttcln dos ulkalisicrtcn Inkubationaanaateea rait Cblorolonn) ■ 
o-chend zerstort wird. In Kontrollcxpcrimeiiten ohne Ensynwusatz konntcmpiiiak 
eine Agroclavinbildung nachgewiesen wcrden. Sach Inkubation von Chanoclavm-I- 
aldchvd'U- l4 C licJJ sich radioaktives Agroclavin iaolicrcn, welches die gleiche bjksu- 
fisehe" Radioaktivitat .vie das Substrat aufwies. Somit kann dor cnzymkatalys.crte 
Ringschlufi von Chanoclavin-I-aldehyd zu Agroclavin ale gesiehcrt gelton. ^ ir habon 
zahlreiche VorBuche mit Chanoelavin-I-U-"C (kurze Inkubationszeiten sow „Ab- 
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Untersnchungen fiber die enzymatische Umwanuiung von unanuwuvm - x ^ 

fatten" mit Semicarbazid) durchgefuhrt, urn Chanoc!avin-I-aldehyd nachzuweisen. 
Dies ist uns in keiriem Fall gelungen. Offenbar wird der moglicherweise als Inter- 
mediiirprodukt auftretende Chanoclavin-I-aldehyd sof ort an der Enzymoberflaehe 
weiter umgesetzt und lftfit sich nicht anreichern. Zusammenfassend ergibt sich auch 
aus den in vitro-Versuohen, daB Chanoclavin-I als Schliisselverbindung in der Bio- 
synthesekette DMA-Tryptophan ^Chanoclavin-I ^ tetracyclische Clavine anzu- 
sehen ist und kein anderes Chanoclavin-Isomcres einc obligatorische Zwischenstufe 

ist 

In weiteren Versuchen wurdc der EinfluB von Effektoren auf die Chanoclavin-I- 
Cyclase-Aktivitat gepriift. Znm Inkubationsansatz wurden die Effektoren in ver- 
schiedenen Konzentrationen (a-lCHM, l-lO^M) hinzugefugt. Getestet wurden 
Tryptophan bzw. einige Mcthvlderivate dieser Aminosaure sowie Elymoclavin und 
Lyscrgsaure. L- und D-Tryptophan sowie D,L-5- und DX-G-Methyltryptophan 
1 becinfluBtcn untcr diesen Bedingungen die Aktivitat der Cyclase praktisch nicht. 
! Lediglieh D,L-4-Methyltryptr)phan zeigte in einer Konzentration von I • 10 A M 
i eine geringe Hemmwirkung. Besonders bei 0. fusiformis SD 58 (4, 10. 11) ist wieder- 
' liolt srezeigt wonlen, daB die Ergolinbildung cin induzicrbarer Prozcfi ist. Tryptophan 
! bzw.'verschiodeiioMethyldcrivj.ito davon sind tucr besonders wirksam. Dor Induktions- 
j effekt ist, am groBten l>ei Zugabe der Induktoren in der Trophophase. Bei Clavi- 
I ccps paspali hemmt DX-4-Methyltryptophan die Bildung einfacher Lysorgsfiure- 
! derivate (2). Die biochcmischcn Grundlagcn des (nduktionselfektes sind bislang unge- 
= klart. Nach (4) sol! ein ..mctabolisch labilcs" Enzym ituluziert werden. Ganz sieher- 
; lich handelt es sich bei der von Be' Lock mid Bark (4) diskutierton ..ergolinc fsynthc- 
j tase i; nicht urn em einzelnes Euzym. sondern um einen ganzon linzyni-Kompli-x. 
! Aktivitatsanderimgen der ClianocUivin-I-CycIase durch potontiellc Induktoren der 
! Ergolinsvnthese licBcn sich tmter unsercn Bedingungen jcdenfalls nicht beobaehten. 
j " Offenbar untorliegt die Diniethylallylpyrophosphat: Tryptophan- Diinethyl- 
allyltransferasc der Feedback Regulation. Agroclavin und Elymoclavin sollen die 
{ i Transferase heiunien ( L9). Cber den Cnifang der Hemmung und die Konzentrationen 
1 der Effektoren ist meats bekannt (19). Elymoclavin mid Lysergsiiure - Ergoliue, die 

in der Biosvutheseketto hiuter Agroclavin liegen - vcrursacheu in einer Konzen- 
t « tration von 1-10" 3 M eine 15— 20%ige Hemmung der Chanoclavin-I-Cyclase- 
; Aktivitat (Tabelle 3). Soiuit ergeben sich gewisse Parallclen zur Transferase, welchc 
; die Bildung des DMA-Tryptophans katalysiert. Beide Enzyme stehen am Anfang 
! ! der Ergolinbildung und vermindern Hire Aktivitat, wenn die Endprodukte sich in 
! hohen Konzentrationen in don Zellen anreichern und kbnntcn so als einer der limi- 
i tierendeu Faktoren der Alkaloidsynthese am Ende der Idiophaso angeselicn werden. 
Wir habeu erste Hinwewe. daB die Chanoclavin-I-Cyclase induzierbar ist und 
es sich nicht bei diesem Stamm um ein konstitutives Enzym handelt wie ctwa die 
6-Methylsalicylsauresynthetase in Penicillium urticac (5). 
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044 T>. EBOB. W. Maibk I>- Gkogeb 



fcmpcratur 82«(\ Protcingetolt l4 mg/Anratz 
Nr. 1 ) Effektor 



/o 



4 n-Trvptophnn . ! 

5 lVTryptopUan 1 J » 
fi l),L-+-Mcthyltryptophiin 2-10" M 

7 p J,-4-Mcthyltryptophan 1 ■ lO" 3 M 

8 I).L-5-Motln'ltryptoph:in 2-10-*M 
M I)^,-r»-Mctbyltiypt«'P^n 1-10-»M 

1 0 ]),l^i-Mctt»yltrypti»phim 2 • 10 4 M 

1 1 D,L-0-MctJ»vltryptoplHin 1 • 10 w 

, o . 1 (I -4 M 

BlvniochiYJii - AU _ 

Elvmodiivin 1 " 1° M 

Lyscrpsaiiri! - J" m 

l.ysorfrsaun'- 1 ■ 1Q- 3 M 



12 
13 
14 
15 
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Agrodaviii 


clavin 




81 


0.1 


77,1 


76 


28 


4 i> 


GH 


2 i 


71 
1 1 


79 


32 


71,2 


74. 


28 


72,5 


80 


1.1 

'A 7 


81 
r,7,7 


(8 

sr> 


32 


72,r» 


<*7 


20 


83 


88 


30 


73,E» 


8C 


ai 


73,5 


71 


33 


08,8 
r>6,5 


iir) 
7<> 


32 


70,4 


71 


43 


<>2 



l l Mttclwerto ails 2 Vnrnuchni 
o) muli ]>C-Trcimung <los I«knbntionRun»»t*cs 



K „ltivi«rt ,nan don Olavmbildner in rinrnv pho^hatmchon Med,™,, so U 
*h w dor Ergoline m«h die Cyta udnrehm. I" I'ar.dlolo^r.mcnto,, ,ut .to 
^eh" Sahrkung (XI. 01,), *r mH den, tart. v<m Wh» odor -L-. - 
M,vltryp t ophan, wurdon Atoloido gobildot ,n,d du ; ('veto gdund™. ^ o 
■wr' Kul ivation brtru K dor Alkaloidgohalt l^g/nX und d,o \ ms ' lt '^ , 
Fnirm. 14-16%. In dor Standardnahrltamg XL 720 «n,b« gtaota.Ursa.h 
WO »Wra/ Alkaloid nacMvoisbar mid die Unsaturate botmg o(> /„. .... 

•5 dor «eita» Dimng to Mechanises dor Um^andlung Chanoclavn -I 
Agroll so^o Vcrsuohon z»r Anrcichcrung dor Chanocdavin-I-Cyclase sn,d « 
zur Zcit brschaftigt. 



Material und Methoden 

1. Muttcrkornstamnic: 

.) Claviceps purpurea-Stamm Pepty695. Unter saprophyte Bedxngun^ utrden 
Clavine, Ergometrin und Ergotoxin-Alkaloide gebildet. 

b) YeLl^ne Cluvieeps purpum-Sttrnme, die parasite Ergotanun bUden, be, „pn,- 
phytiselier Kultur aber keine Ergolinc synthotisieren. 
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Untarsnchnngen *bcr die enzvmatischc Umwandlung von Chanoclavin - I Sto 

a) Clavicepsfusiformis, Stamm SD 58 (Penmsetum-^tterkoru). Neben 
^roelavin all Kauptalkaloide werden Pennielavin, Chanoclavin and » Spuren .nb.ka.nte 

^S^jSZL Li 342. Als Haloid liegt .promise, Chanoclavin- 1 
nebcn den isomeren LysergsSureraethylcarbinolamiden vor. 

2. Nahrlosungen: 

NL611- <»- Mannit; 50 g Saccharose; 6,4 g Bernsteinsaure: Heleextrtkt Ditco o,U , , 
KH.Po" log ; Mgst 5 H 3 0 0,3 g; FeSO, • 7 H s 0 10 mg; ZnSO, ■ 7 H s O 4,4 mg Aqua dest. .1 
1000,0. jjH eingestellt mit konz. Ammoniak auf p\l o,4. 

NLG14: WieNLOllanSteUe vonlgKH 2 PO. l nurO,lg .KH 2 P0. 1 

NLlilO: Sorbit 50,0 g; Ammoniumsuccinat 30.0 g; 1,2-Prop.ndiol 20 ml, KH 2 PO A t.u„, 
MgS0 4 • 7 H 2 0 0,3 g; Aqua dent, ad 1000,0 pH einges toll* auf 5.4. 

NL720: Saccharose 200-300,0 g; Ammoncitrat lo,0g, Kl f™*^"'**?:* ' 
0,3 g; FeS<> 4 ■ 7 IU) 10 mg; ZnSO, • 7 ILO 30,8 mg. Aqua dart. ad 1000.0; pH .>,— .1,4, 

3. Kultivation: 

Z.ir Vmurht des tmpf material, der oinaalnen Stimmo wurdc Myrcl von Agam.hrH . 
, . fwiitenkolturen verwendet. Die Vorkulturen wucden S Tage g-chattelt und dm... h 
T ie u ltCSr.iT Als KultunscttB. dianton 500 mi Langhulskolbon. Die Uultivanun 

*. VEB Bad .rankenhausen, bei ci««r Temper 

™ ^vt»umedien warden verwendet: 2H, «ll W. SD 58; ein corn *«* -did. anth.lt,,,- 
dea Medium fur C. paspali aowic XL 720 - 0,2 g/L Dif-o HM-rtnte tur C pu^n,. 

4. Priiparate: ^ ■ . 

v \ n \ vnrr \ YDP WDPll: VEB Arznoimittchverk Dresden sowio bigma, bt. Louis, 

phut: Buahringer. Mannheim; Vitamin Free Yeast Base. Yeast Extrnrt. D.fio, Dctn.it. I- 
Merrk, Darmstadt; Sephadex 0-25, Pharnwiu, Lppsala. T <.,.Hl,v,lm,-lnm»- 
)ihvdrodumoe.lavm .Oemwrli von 80-, DihydrorhnnorlaYin-l und 20% I»Kb.h>dro. ham 
Pro,. Dr. R. Vu»*. Ber.i, Chanocdavin-I wurde an. der* Inrifcunyvoa lavu-r . 
paspali-Kulturen i.,,liert. Sehmp. 215 'C fB.,.tia.-H*»t,.rW. N; = ^ "«hn I 
(Wlavin-U^C haben wir narh Applikation von Na-acotat^H, an C . pa*p..U ^ ' i 
mZr 2 sdan r (5 Tago) «awonnan. Iwckanoebivin-I wurde dun-h Bcstmhlung von thauo- 
1 .I in cine m Gemiach von tart. Bntan«l/Bmol (0: li. mitt.1. ainer Qucrtai bcr- 
Ntederdnu'khtmpe N K ,/20 Hauau 2,4 nm erhaUen(8) Die IsolatU>n ^ ^ 
Du„n.-hicht,:hr ( ,matographie un Ki«elgel O ..Marrk" Sehmp. 88 C. DC: Rp - £-4 ^ ^ 
htm/Mathanol 05: 5 g«»ttigfe mit AmmoniuW. Ghano-lavin-t-aUkd^d -^-^ n ^ 
Chinorhivin-t haben wir mit MnO a versetzt und da8 fianze 4o Mm. am Rmkr lull u nUt 

gewinnen. R* ~: 0,5-0,U, MS (Atlas CtM bci 70 eVl: m/e 2.4I.M-); m/e lo4(t>pu.«U t.u 

tvi-und tetrucvclische Ergoline (3)'). , viMi..n-f:irt),ni» 

B«im Vnspruhen mit van Crk'* Raagen. tcagierte die Verbindung nntct VioUttt.ubu^, 
di« nari etw 30 Min. in blau uberging. Elvmoclavin isoli.rten ,ir 

p ie n AUuniuiumoxyd ba^h Akt. I Woelm"ao.Subm.n,kalt«rcn de. Stamrnaj, D s *. ^ 
ilavin: Ko<-h & Light Colnbrnok: Ve.tuH.vin und Pvrocluv.n verdanken w»r Prof. A B , f 1 oU„. 
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D. Ekqu, W. Maier und D. Grocer 

5. Gewinnung *des RohenzynvExtraktcs: 

Frisches; mit Wassei und Puffer ( 3 ,H 7,4) gewaschenes MyeeUvurde im Verhaltnis 1 : 1 
in u 1 M Tris-HCl-Puffer j>H 7,4 suspendiert (1 L Puffer enthiclt 100 mg Chdapes II -r 0,4 mi 
A[cnaptoathanol) und mit der X-Press (Bios, Sclnveden) aufgcschlossen. Der AubchlnD gelang 
a m-h dnreh inniges Verreiben des f rischen Mycels mit Troekeneis. Die ^ s ^!^; ndc ^^tnd 
erfol-rte GOMim in der Ultmcntrifuge (VAC-60) (Janetzki) bei 50000 I. /Ml m Per Ubcrstund 
viiTde fur die Untersuclmngen eingesctzt. All* Operationen bei 0-4 6 C. 

(i. En zvm ansatz: 

Der Ansatz enthielt im Gesamtvolnmen von 2 m? 10,M ATP: 1,25/iMol TsADPE : 
(I r, m» Chanoelavin-1; 200 //1 1 M Tris-HCl-Puffer (*>B 7.4) und beim Stamm Pcpty Wb 20,<Mul 
^CU-nHj). Im allgemcinen burden 0,5 ml Rohcnzym-Extrakt zugegeben. lnkubat.on b ei 
?,» C-i h. Die Reaktion wurde durth kums Erhitzen abzestoppt. Die angegebenen V crte in den 
■Vbbildungen unci Tabellcn xvunlcn (lurch zvei Inkubationsansiitze ermittelt. You jedem Ansatz 
"l,at man zur Bestimmung dor Umsatarate zvroi DC-Trcimungen dunhgefiihrt. 

7. Aufarbcitung und Aiialytik: 

Naeh Beendigung der Tnkubation hat man den Ansatz mit Ammoniukfliissigkcit alkalisih 
.romm-lit ( 2 >l] 10) und die Alkaloid* mit Chloroform nusges.hut.telt. Die vereinigtcn Ausziigo *.irden 
vorsirhtig i-inpoonet und a»f 1 mi aufgoffillt. Von dieser V*ung lisif man -0,", mi Ktnrliformip 
mif DO-Platteil aufgetragen (Kiesclgcl PF M , „Merrk") und im Usnngsmittelgcmisch Chloroform/ 
Methanol (K: •>) entwhkelt. Zum qualitativen Nat-huci* vur.dert die Chrnmatogramme mit yaji 
HV« TtratrfM bespriiht Zur quantitative)! Bestimmung vurclen die untcr I Y.],ieht angemch- 
nnteii Ukaloidznnen vorsirlitig abgesrhubtund in Zcntrifugenrohnhcn nborffllirt. Damieh wurden 
o m / eincr Misc-hung von -I* ml Methanol: 45 ml Wnfwcr: 10 mi Eisessig hiuzugegeben mid om.ge. 
Min voisirhtig nmgcsrhiittelt. Sach IIm»ufugell von 4 ml van Vrk's Kcagenz wurde orueur 
einiifP Min. goschuttelt unci das Cause ariSchlieUeml zentrifugicrt. Die khiren Ijlaugefiirbri-n L<»- 
<un"ei. wiirien «Min. im rV-Urlit bestrublt nml die Extinlrtion im Elko II I'd = O.r.j S ; ,7 ge- 
mossen. Die Alkaloidwcrte 1i»t man Eiclikurvcn ontnommcn, dieunter pleiehcn JJcdmpunp-n auf- 
-rpstpllt wurden. Mit diescm Vorfahrcn lieBen sii-h - 125-140//p <iesamtalkaluid i'7r»- 
',1,-v ein"csetztcn Mwi«p narli der DC-Trennunp wiederpewinnen. Zur Ermitrlunjr der I msatzrate 
serzte man den nach der DC-Trcnnung gefun.dei.en Gcaamtalkaloidprimlt fbestehend aus C-haim- 

cliivin + Afroclavin) - 100%. 

^liquote TciJe der Kiihilosung cxtraluerte man nach Alkalisieren crselmprcnd mit tmon»- 
form/dampfte ein und nahm den Ruekstand mit2%iper Weinsaure auf. Weitere Bestiiumuug 
narh (52). Die Proteinbcstimmung erfolgtc nai-h Lovin- et al. (21). Zur Hadi«aktivjtatsme«8ui»g 
diente ein Triearb-Scintillationsspektrometcr Model) »30o der Fa. Packard. Ala* Scintillator- 
fliissi^eit, vfrwendeten xcir eine Losung von 5 g POP und O,o p POPOP in 1000 mi Toluol ]».a. 
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KjkAJIOHAH TPMBA CLAVICEPS SP . HE*M-F-40I 

|f. K03JIOBCKHH, At. y. APHHBA&POB, T. 0. CQJTOBbEBA, 

b. m. ajx'ahhh, m. rPHropoB, r. h. ahtejiob, 

Jl. C. CJIOKOCKA, 'M. B. AHTEJIOBA 
^gjr^H^bTpaTa KyjibTypajibHOH >khakocth rpH6a Claviceps sp. 

3§[ffi^6.1 BblAeJieHbl B HHAHBHAyaJIbHOM BHAC 6 aJIKaJlOHAOB., (!>H3HKO- 
^jffiKHMH . H XHMHqeCKHMH MeTOflaMH 3TH aJIKaJIOHflbl HACHTH(J)HUHpOBaHbI 

"TifpokjiaBHH, arpoKJiaBHH, xaHOKJiaBHH-I, ceTOKJiaBHH, neHiiHKJiaBHH h 

eP&hhh b oSjiacTH H3y*ieHHH 6hochhtc3 a' 3proajiKajioHAOB, none- 
^^ qHHeHHH-3foro KJiacca BeAyTca b TeqeHHe HecKOJibKHx AeeHiv 
^pil 'fiojibmoft'HHf^ cneKTpoM 6tioJio- : 

beSbhoct^ ajiKajfoHAO© p^Aa 

^KHCJIOTbl^ K^atCHHeckHMH' OpOAyUeHTaMH. KOTOpblX HBJIfllOTCffi; 

fmaviceps, napa3kTHpyiomHe Ha pa3jmqHbix BHAax pacTeriiiH^ 
Ktkh cno,co~6oB rjiyfiHHHoro 'KyjibtHBHpofe.aHHrf pn/ia iiiTaMMOB- 
jmlavicepi otin'cra^ AJin nojiyne- 

^pe BpeMH 1 dtq6oe BHHMaHHe 6wjio o6paiueHO Ha k ji a b h h b b h 6* 
jftrbpbie, no c:oEtpeMeHHMM XaHHbiM, oKaaajmcb jiepcneKTHBHbi- 
jSpk uejioro pnAa 3 a 6 o ji cb a h h h . Takne ajiKajioHAbi„ kaK sjihmo^ 
^P^aBHK, neHHHKjiaBHH, HapHAy c oSH^HbiM ajih p'HAa sproaji- 
lllj rBHeM Ha' ueHTpajibHyio kepBHyio cHcjeMy, rJiaAkyio MycKy-;' 
^^Mbjihiotch HkrHdHTopaMH npojiaKTHHa % no.HMeiomHMCH AaH-^ 

Bffib . ' MOrVT 0bITb HCnOJIb30BaHH JieqeHHfl pa.Ka MOJIOHHOft 

^^TOaaHHH npeACf afejibHofi >KeJie3bi [5, 6], - ; •* ,' / . 
^^p30M, noHiCK Kyjibtyp MHK.poopraHH3MpB — - npoAyueHTOB apror 
^TaHOBJieHke ctPobhhh ko m ji o h e hto b :p6p a 3y K) me hc h , c m ec it 
JroyqeHHe hx 6h och HTe3 a - hb ji h iotch akTyajibHofi 3aAaqeH KaK , 

^TO;TipaKfHKH, HMCH B. BH Ay HCIIO JI b30B a HH e 3THX COeA^HeHHH B- . 

^Sirc ^hcto I feopeTk^6cko^ ; TOHkH ■ 3p;eHHH, b qacTHbcTH AJinU 
B ajien 6 h och ht 63 a 1 sthx Gp^HHeHHii, ,hx. poJin' b npQueccaxv 

Stb y MHKp06praHH3M0B. % 
iHHOH paSOTH HBJIHJIOCb yCTaHOBJieHHe CTpOeHHH KOMnOHeHTOB- ' 

^^K- ajiKajibiiAOB, : .npoAyUHpyeMbix rpnOoM Claviceps sp z 

3 KC n E P HM E HTA Jl I>H Afl HACTb r 
- ■ MeTOAHKa - - ; .. \- ? ; ' 

^jipOAyueHxa ajiKajiOHAO?; Hcnpjib3dB.ajiH Ypn6 Claviceps sp;.- 
|Kojiohhh axoro rpH6a' Ha rjiK)K030;KapTO$eJibHOM arape^Ha 
^>t h b Hp ob a h h h AOCTHrajiH 50 mm b "AHaMeT-p e Jibie, 66paT- 
teJiOHHH nypnypHoro. OTTeHKa,: nnrMeHf TaKord >Ke UBeTa ah^-' 
Pjarap. PacTyuiHfl Kpaft pobhmh, noBepxHoefb ;kojioHHH ; BOH : 
p 'ajibHan qacTb kojiohhh c Boapacroiyi npH.o6peTajia 6e^fceBO-M 
^^eHo^, cTaHQBHJiacb QapxaTHCTOH. 
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ripn KyjibTHBHpoBaHHH Ha JiaSopaTopHOH cpe^e (T 2 ), coAepxcam - 
xapoay 100 2, DL-acnapanm 5 e, . Ca(N0 3 ) 2 -4H 2 0 1 a, KH^O no^P 



•\ MgSQ 4 -7H a O 0,25 2, Apa^eBofi SKcxpaKx 0, 1 2, KCI 0,12 a, FeSO 7u ^1 
/0,015 2, arap-arap 20 a, BOjiy 'BOAoripoBOAHyro^o 1 A HG1 ao pH cpenil q 
iiiTaMM o6pa30Bbmaji 6ejibifi B03AyuiHbiH MHuejwft' h Aaeaji kouhru^ ,2 »T 
cnopoHomeHHe rana Sphacelia, XoHriAHeHocitu najioqKOBHAHbie niJn 
f 6ecuBeTHbie, 11,2—14,4X3,2 mk. Kohhahh OAHoiuiexoqHbie, 6ecnB^^i# 

': .aJi^HncoH^ajibHofi (j)opMbi, 4,8— 8X3,2 \Ai/c. - ; . : . . . v ' HUe » ^ 

"'Kyji^typy Claviceps sp. , noMep*HBajiH'B,npo'6HpKax.' co CKomem, * 
;arapH30BaHH0H -cpeAofi. T 2 . Bbip.auiHBdHH.e- ocyiaecxB'jiHJw b t^ph 
12 AHeft .iipn 24°. FIoJiyqeHHyio xaKHM P6pa30M Kyjibxypy. BHcesajiH b ko 
, 6bi o6i>eMOJvi 750 ma co .1.50 ai^ cpe^bi cjieAyiomero cocTaBa: rjiK>K03a inn 
jiHMpHHan KHGJiOTa iO^^KH^PO^S 2, MgS0 4 ' 7H 2 0 0,3 a, apox^L* 

• 3KcxpaKT 0,1 cVFeS0 4 .7H 2 0 0,007 2/2nS0 4 .7H 2 0 0,006 2, BO A onp 0 BoS 
BOAa AO- 1 a, 3Haqeirae pH cpeAbi aoboahjih KOHijeHxpHpoBaHHbiM aMMHaKow 
,AO 5,2, rpH6 BbipamHBajiH b xeneHHe 6 AHeft Ha KaqajiKe 170—180 o6/ M uk ^ < 

; npH^feMnepaxyp^ 24°.,.nojiyqeHHyio Kyjibxypy : HcnoJib30BajiH jxjih hhokvjijt ?1 
.ii,HH koji6 06-beMOM 750 coAepjKamnx 150 1 ma cpeAbi: ~caxapo3a 300 7 • 
.jiHMOHHan racjioxa 15 2, KH 2 P0 4 0,5 a, MgS0 4 -7H 2 0 0^5 a, jipomn^rr 
3KCT P aKT 0,1 2, KCI 0,12 2, FeS0 4 . 7H 2 0 0,007 2, ZnS0 4 -7H 2 0 0,006 2, boS^ 

; BOAOJippBOAHan ao I A, 3naqeHHe pH^epeAbi aoboahjih ap 5,2 KOHueHTpapo- 
BaHHbiM aMMHaKOM: KyJibTHBHpoBaHHe npOBOAHJiH Ha KaqajiKe npH 24°. 

- ; KaqecTBeHHbifi ji nojiyKoMqecTBeHHHH KOHxppjib 3a xoaom HaKoiuieHHH; 
sproajiKajiOTiAOB b xfrnjibxpaxe KyjibxypaJibHOH ' xchakocth ocymecTBjiHjia 
neTOAPM TCX na njiacxRHKax «Silufol» (c y 4* - h h a h k a to p o m h 6e3 Hero) 
b CHcfeMe xjiopo^opM — MexaHOji kohi*. aMMHaK (90 : 10 : 1 06/06). Ko* 1 
.AHqecxBeHHbiH MexoA ocHOBaH; Ha cneKxpocj)oxoMexpHqecKOM onpeAejiemiH 
cyMMapHoro coAe'pHcaHHH. aproajiKajioHAOB npii 283 hm . (b nepecqeie Ha 
ajiHMOKJiaBHH, M.B. 254). ... JIpo6bi ■ nbjiyqajiHB pe3yjibxaxe xpexKpaTHoil 
3KcxpaKUH'H ajiKajipHAOB xjiopo4)6pMOM (3:1 %6Jo6) H3 KyjibTypajibHoB 

y ^khakocxh npn pH 7,5, xjiopocJ)opMeHHbiH SKctpakx ynapHBajiH b BaKyyMe 
Aocyxa, ocxaxoK .;pacTBOpii»7iH b sxhjiobom Gnnpxe h cneKxpo^oxoMeTpHpo* ( 
BajiH. . ;; . , ' ' ' . ■ \. - ' • 

Macc-cneKxpta 3anHCMBajiH Ha Macc-cneKxpoMexpe MC-1302 c ncnojib- 
soBaHHeM npHMoro BBOAa o6pa3ua,B hcxoh^hk tohob npn . HOHH3HpyK)mcM 

. iianpHjkeHHH 60 ae h npn xeMnepaxype HcnapeHHH npo6bi 0—160°. CneKT- 
pH HMP GHHMajiH Ha npn6ope «Varian HA-100D» (CIllA) npH 34° m 
pacTBopoB b AeHxepormpHAHHe, b HyTp eH h h h cx a ha a px TMG . yO-cneKT-' 
pbi nojiyqeHH Ha npnSope «Specord UV-VIS» (r^P). HK-crieKTpH 3ana- 
, cbiBajiH Ha cneKTpocJ)oxoMexpe UR-20 (Ta6 JiexKH KBr) . TeMnepaTypH nJiaB- 

* jieHHH onpeAejieHbi Ha HarpeBaxejibHOM cxoJiHKe Ko(J)jiepa. yrvibi onTHnec- 
Koro BpameHHH pHHMa^H Ha npn6ope 141 M «Perkin Elmer» (Ahivihh). 
ToHKocJiOHHan rxpOMaxorpac})HH ocymecxBJiHJia'cb Ha nJiacTHHax «Silufol» 
UV-254 («Kavalier», HCGP) h Ha ,He3aKpen^eHHHx cjiohx A1 2 0 3 IV ct. aK' 

\tjhbhocxh («PeaxHM», 7Y 6-09-426-70) . B iKaqecxBe copSeHxoB jxjih kojio- 
HoqHOH .xpOMaxorpa4)HH Hcnojib30BajiHCb cHjiHKarejib;L 40/100 mk («Che- 
mapol», 4CCP) h OKHCb ajiiOMHHHH pa3JiriqHOH aKxHBHocxH («PeaxHM», 
Ty 6-09-426-70). KoHxpojib 3a xoaom sjiiouhh ajiKajioHAOB c kojiohok ocy- 
mecxBjiHJiH MeTOAOM TCX Ha cooxBexcxByiomnx cop'6eHxax b xex Ke pacT- 
BopHxejiHX. B KaqecxBe CTaHAapxHbix o6pa3UOB Hcnojib30Ba.JiH xpoMaTO- 
rpa({)HqecKH qncxbie npenapaxbi 3JiHMOKjiaBHHa, arpoKjiaBHHa, xaHOKJiaBH- 
Ha-I, cexoKJiaBHHa, neHHHKJiaBHHa h H3oneHHHKJiaBHHa, noJiyqeHHbie b A^H' 
:hoh pa6oTe. CxaHAapxHbie o6pa3Ubi aproKpHnfHHa, sproKpHcxHHa h Tapr- 
paxa aproxaMHHa nojiyqeHbi ot 4>HpMbi «Sigma» (CUIA), aproMeTpHH (j> H P" 
mu «Fluka AG, Buchs SG» (IIJBefluapHH), aprotaMHHHH 4)HpMH «Merck> 
(Darmstadt). . 

J^jih BbiAeJieHHH cyMMapHOH CMecH ajiKajioHAOB KyjibxypaJibHyK) xujir 
KocTb (|)HJibTpoBajiri, ^H^bxpaT noAmejiaqHBajiH ao pH 7,5 h MHoroKpaTHO 
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' 3KCTpafHpoBaJiHv.nopupHMH (3 : 1 o6Jp6) ^xjiopo^opMa.-KoHipojib 3a noji 
toh SKCTpaKUHH ocyiuecTBJiHJiH c noMOiubia peaKTHBa Barf VpKa [7]. £ : 
ycKopeHHH pa3AeJieHHH cJioeB Hcno'jib3bBajiH iieHTpH^yrHppBaHHe Ha 
;p H (j)yre K-70 (20; mhh. npri 5000 o6/muh) . 06-be^HHeHHbifl XJiopo^ppMl 
1 huh 3KCTpaKT BbicyiiiHBa jiH . HaA Na 2 SQ 4 , ' ynapHBajiH b BaxyyMe Apcy| 
.nbjiyHeHHy.K) TakiiM o6pa3pM.^ cyMMapnyio cMecb ^jiKaJioHjxoB Hcnojib3o^ 
jih AJi^ AaJibHeftiuero HCC^eAOBaHHH. • ^ • j 

, AJIH BbUeJieHHH. SJIHMOKJiaBHHa HCno'jIb30BaJIH,4)HJIbTpaT H3 3,3 A Ky. 

. TypajibHOH ^HAkocfH nocjie 12 cyfoK. KyjfbTHBHpoBaHHH. no.pnHcamK 
' Bbiuie MeTOAHKe 6hjio nojiyqeHO.2,79' a cyMMapHoft cmgch aJiKajioHAOB. rL ? 
-jiyqeHriyio cyMMapHyio cMejCb;o6p'a6aTbiBajiH 400 ma: Knnamero MeTaHoik; 
pacTBOp oxjia>KAaJiH, b bin a b iiih ft oc a aq k oTc^HJibTpoBbiBajiH h nep.eKpHCT|^ 
jiH30BbiBajiH H3 KHnnmero MeTaHOJia (1 qaeTb 3 ji h &lo kji a© h h a h a : 70 qaq; 1 
MeTaHOJia). 3jiHM0KJiaBHH (Bee 1,74 a) KpHCTajiJinsyeTCH H3 MeTaHOJi 
v BHA& ripH3M, t. riJi. 236:— 23,9° (e pasjipxceHHeM). BemecxBO iuioxo pacr: 
.*■ pHMp B 6oj|binHHCTBe opraHHqecKHx pacTBopHxe jigh h boas, xopouio pact? 
pHMo B'nHpHAHHe, xy>Ke— b MeTa-HOJie. 

BHAejieHHbie kpHCT.aJiJibi aHayiH3HpoBajiH ajih, HAeHTH(J)HKauHH MeTo 
; mh HI^-, yO- h IiMP-cneKxpocKonHH, a iakKe . m a cc - c n e kt p o m gt p h ^ ec 
- ^MaxOTHHK nocjie BbiAejfeHHH sjirakoKjiaBHHa (1,05 [a) xpbMaT6rp,a(j)ff 

BaJlH Ha KOJIOHKe COKHCblO; 3JIIOMHHHH V CT. aKTH^HOCTH (BeGJX^)6^ 

280 a, AHaMetp kojiohkh"28 mm; 3JiK)eHT^xjiopO(})6pM, cKopocTb slipup 
0,25 ma/muh, offteM (J)paKUHH no 5 ma). KoHTpojib 3a xoaom pa3AeJierir 
• ocyiuecTBJiHJiH ;mgtoaom TCX. Ka^CAyio 4)pa^Hio. aHajiH3HpoBajia -m,6| 
■ aqm TCX Ha TaKOM jKe cop6eHTe (npABHJKHan .'(J)a3a< xjiopO(j)opM) . B Ka| 
' cTBe CBHAeTejiH Hcnojib'36BajiH nojiyqeHHbie {JaHee KpHCTajiJibi, haghth(})h1|J 
. poBaHHbie KaK 3JiHM0KjiaBHH. OpakuHH c 33-h no 80-Kvno AaHHUM* TC ? 
coAepJKajiH ajiHMQKJiaBHH, xa'HOKJiaBHH-I h neHHHKJiaBHH. nocjie nOBTOpHO 
, xpoMaTorpa4)HH ■-ifcpakuHfi; ofiorameHHbix 3JiHMOKjiaBHH6M, ( Ha KOJiOHKa^ 
cHJiHKarejieM (sjnoeHT xJiopo(J)opM — MeTaHOJi — kohu. aMMnaK b coqth| 
iiieHHk 90 : 10 : 1), 6hjio nojiyqeHO AonojiHHTejibHo 250 f 3JiHMQKJiaBH.Ha.JJ* 
OH3HK0-XHMHqecKHe xapaKxepHCtHKH h AaHHbie no xpoMaTorpa^Hqei 
koh . no ab h >k ho ct h BbiAGJieHHoro ajiHMOKjiaBHHa npHBeAeHbi B Ta6ji. \. 2| 
Ha pHC. 1, 2. •• • - • ' >/' . < 

"■ v ArpoKJi a-B H-H.i a cyMMapHofi CMecn- ajiKajioHAOB, BbiAeJieHHOH v 3^ 
pakUHeft y >i3 2 >i KyjibTypajibHOH xchakocth nocjie 6-cyfo^Hofi (J)epMeHTkuH 
pa3AeJiHJiH MeTOAOM kojioho^ihoh xpoMaTorpa<|)HH Ha okhgh aJiioMHH 1 
H[_IV ct. aKTHBHOCTH (Bee cop6eHTa 300 a, AHaMeTp kojiohkh 26 m 

. • T a 6 Ji h u ai 

XpoiwaTorpa^HHecKoe noseAeHHe BHAeJieHHMx aJiKajiOHflOB h cfaHflapfHwx o6pa3UOB 



BemeCTBO 



SjIHMOKJiaBHH 

Arpok^aBHH 
XaHomiaBHH-I 

CeTOKJiaBHH 
HeHHHKJiaBHH 
H3 Oil eHH HK JlflBHH 

TapTpaT sproTaMH- 
Ha 

SproTaMHH 
SproKpHnTHH 

SprOKpHCTHH 
SprOMeTpHH 

OecTyKJiaBHH 



O^yopecueHUHH 
b yo-CBeTe 



OKpacka 

C peaKTHBOM 

SpjiHxa 



«SilufoU 



rojiy6an 



+ 



+ 
+ 
+ 
+ 



Ghhhh 
3ejieHan 
Chhhh 



0,12 
0,31 
0,05 
0,16 
0,09 
0,15 
0,65 

0,80 
0,75 
0,76 
0,17 
0,14 



0,42 
0,83 
0,44 
0,70 
0,27 
0,33 
0,30 

0,80 
0,75 
0,74 
0,14 
0,84 



0,5ft- 

0,81 

0,14 

0,78 

0,55 

0,65 

0,89 

0,95 
0,94 
0,94 
0,60 
0,72 



0,18 
0,55 
0,09 
0,43 
0,17 
0,21 
0,44 

0,72 
0,66 
0,68 
0,15 
0,52 



AU0 3 
A 



IV citg 

aKTHB^l' 
HOCTH I 



0,17 
0,67 
0,09 
0,39 
0,06 
0,11 
0,17 

0,44 
0,47 
0,46 
0,07 
0,64 



0,45? 

0,80? 

0,3f 

0,66^ 

0,24 

0,255 

0,61 



0,71 
0,73: 
0,72 
0,27 
0,77, 
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npHMQqaHHe. CHCTeMbi A: xjiopocJwpM — MeTaHOJi (4:1); B: xjio l 
4>opM — MeTaHOJi — kohu. 3MMH3K (80:20:0.2); T: to see b cooTHouieHHH (91 
tpopM — MeTaHOJi ( 1 00 : 2 ) . 
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ipM— AH3THJiaMHH (9:1); B: XJiopo- 
10:1); A: xjiopo^kjpm; E: x/iopo- 



i 



if.- 



XJiopoc})opM, cKopodb sjiiouhh 0,45 ma/muh, o6i>eM (J>paKUHH no 
§U- KoHTpojib 3a xoaom pa3^GJi6HHH ocymec'Tfi/iHJiH MeTOAOM TCX, KaK 
jko Bbiuie, npn BbiAejieHHH ajiHMOKJiaBHHa. 
laKUHH 36—43, coAep^aiUHe, no AaHHbiM TCX, HHAHBHAyaJibHbift ar- 
'hh ynapHBajiH b BaKyyMe Ha pofopnoM HcnapHfejie. rioJiyneHO 
Ma odaTKa c t. xiji. 186—190° (c pa3Jio^eHHeM). npn KpHCTaJuinsa- 
0 Ma «cbiporo» o6pa3ua m ropnqero STHJiaueTaTa BbiAeJieHO 47 Ma 
l^jiHHecKoro (cBeTJio->KejiTbie npH3Mbi) arpoiuiaBH.Ha, t. nji. 202— 
jc pa3Jio^eHneM). BemecTBO pacTBOpHMo b cnHpiax, xjiopo4)opMe, nH- 
% xy >Ke — b aueTOHe, srajiaueraTe, 6eH30Jie, scjwpe, njioxo — b BOAe. 




/g 1 ".* ■ HK - cn eKTp bi BbifleJieHHHX ajiKajioHtfoB; 1 — arpoiuiaBHH, ,2-— 3;ihmo-: .- .* 
: 1 KJiaBHH, 3 — xaHOKJiaBHH-I, 4 — cetOKJiaBHH, 5 — neHHHKjiaBHH - ; 

^Toro^oi/iy^ 44— 50 (Bee ocTaTKa-6,8 ita) , oSorameii-. 

OKJiaBHHOM. OH3HKO-XHMH^edkiie xap aictepHCTHKH h AaHHbie no xpo-.. 
a|)HHecKOH noABH.}KHOCTH BWAeJieHHoro arpoKjiaBKHa npHBeAeHH b, 
2*HHapHC. 1,-2. . ■ ..... \ / 1, ,: f - 
<S k ji a b h h-L Op aKUHH . a jma jioh aob 33—45 ( b ec^ oct ^tk^\2\o^m3) r , 
|h b : ochobhom H3 ajiHMokjiaBHHa xaHOKJiiaBHHa-I/ nd-nyqeHHa^ 
"Ni aTorp a 4>h poB a hh h MaTOHHHKa cyMMapHOH tM^a'a^KajioHAOB Mqc- 
5 JieHHH 3 ji h m ok ji a B h ii a h a KOJiOHKe c oKHCbk) ajjiOMHHHfl, 6uJia A'aiteg, 
-Ha Ha oTAeJibHbievKOMnoHeHTH Ha KOJioHke ; c ck jiHKareJieM (b^ cop- 
ID; a v . AnaMeTp' kbjioHKH\22V..«ii).,^ SjiioeHT .rXtfopp$ppi£^&z- 
*i aMMHaK b copTHomeHHH go^-lO'r-l.-.'-.^op'dCTb, 3^Whhh - 
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'0,4 mMmuh, o&beu (J)paKUHfi no 4 jwz.'OpaKUHH 150—156, cotfff 
HOKJiaBHH-I ynapHBaJiH b BanyyMe Ha powpHOM ncnapHTeJie m 
no'JiyqeHo 40 mb xaHokjiaBHHa-I, t. m. ,214—216,5° (MeTaHOJi, u% 
me t cTBo pacTBOpHMb b MeTa.HO.ji©, xyace b aueTOHe, njioxo b x^ 
3(J)Hpe, npaKTHqeGKH HepacTBopHMo b reKcaHe. ' , . " 

- , v 0H3HKO-xHMHHecKHe xapaKTepncrHKH h aaHHbie no XpOMaTOC, 
noABHKHOCTH BbueJieHHoro xaHOKJiaBHHa-I npHBe^eHbi b xa6jij 

1 pHC. 1, 2. . v ' ' • * 




J L_ 



_i L. 



1 I I 



I I ■ ! I- 



12 



11 
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Phc 2 nMP-eneKTpk arpoKJiaBHHa, ajiHMOKJiaBHHa, xaHOKJiaBHHa-I, * — Hffc .;; 
jioxHBiiiHeck CHrHajiu pacTBopHTejiH 

CeTOKJiaBHH. MacTb 4)paKUHH, 44-50 aJiKajiOHAOB, o6oraum 
csTOKJiaBHHOM, n P H BbiflejieHHH arpoKJiaBHHa h coaepxamaa b ra J| 
ochobhoh npHMecH arpoKJiaBHH, 6buia paa^eHa c HcnwibsoBaHHe^^ 
paTHBHof. TCX Ha naacxknax -cSilufol* (npoaBHxeJib x J iopo<po P M--AHaT . 
Lmhh b cooTHomeHHH 9 :J). BefflecxBO sjHOHposajiH hs soh c 
TaHOJioM. Sjhoht ynapHBa^H b BaKyyMe Aocyxa. CeromiaBHH xopoiuo pa & 
bophm b 6oJibiiiHHCTBe opraHiwecKHX pacTBopHTeJieH, njioxo-B ren rf 
nexpo^eflHOM scrape, KpHCxaJiJiHsyexcH hs auexoHa, t. rut. ^ 
jio»eHHeM). 
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4>H3HKO-xHMHqecKHe xapaKTepHCTHKH h AaHHbie no xpoMaTorpa^Hie- 
C Kofi noABH>KHOCTn BbiAejieHHoro ceTOKJiaBHaa npHBe^eHbi b Ta6ji. 1, 2 h Ha 

pHC. 1. 

. neHHHKJiaBHH. IlpH nOBTOpHOH KOJIOHOUHOH xpOMaTorpacfjHii Ha OKH- 
rCH aJIIOMHHHH V CT. aKTHBHOCTH (BeC COpSeHTa 80 2, AHaMeTp KOJIOHKK 

0 mm, 3JiK)eHT— xjiopoc})opM, cKopocTb sjhouhh 0,25—0,3 ma/muh, o6i>eM 
paKUHH no 4 ma) fypaKmn 60—71 (Bee 112 Ma), nojiyqeHHbix npn xpoMa- 

^pa^HpOBaHHH MaTOHHHKa 3JIHM0KJiaBHHa H coAepxcamnx B OCHOBHOM 
IflMOKJiaBHH H neHHHKJia-BHH, H3 <J)paKItfIH 40— 50 BWAeJieHO.8 MB neHHH- 

'-■{tWHa. Tlocjie nepeKpHCTajuiH3auHH H3 aueroHa nojiyqeHO 6 Ma KpHCTaji- 
|^ t. nji. 203—209° (c pa3Jio>KeHHeM) . BemecTBo xopomo pacraopHMo & 
"~' : p?e, xy>Ke b aueTOHe, xjiopo(j)opMe, nJioxo b reKcaHe. 
|;$H3HKo-xHMHqecKHe xapaKTepHCTHKH h AaHHbie no xpoMaxorpa^Hqec- 
' g^noABH^KHocTH BbiAejieHHoro neHHHKjiaBHHa npHeeAeHbi b tz6ji. 1, 2 a 
' 'He. 1. 

[3 oiighhhk ji a b h h. BbiAejieH no toh me cxeMe, KaK h neHHHKJiaBHH* 
i^aTejibHafl owTka npoBOAHJiacb mctoaom npenaparaBHOH TCX Ha 
'OTHax «Silufol» (npoHBHTejib xjiopo^opM — MeTaHOJi — kohil aMMnaK 
jHomeHHH 80 : 20 : 0,2). H3oneHHHKJiaBHH sjnonpoBajin MeTaHOJioM H3 
t? : i?/=0,t>5. SjiioaT ynapHBajiH b BaKyyMe Aocyxa, llojiyqeHO okojio 
9jjt& H3oneHHHKjiaBHHa. BemecTBo xopomo pacTBopHMo b cnnpTe, au^TO- 
we — b xjiopo^opMe h nJioxd pacTBopHMo b reKcaHe. 
^ 3tfKO-xHMHqecKHe xapaKTepHCTHKH h AaHHbie no xpoMaTorpa^Hnec- 
Oabhkvhocth npHBeAeHhi b T.a6ji. 1,2. 

Pe3yjibTaTbi h hx odcyatAeHHe 

ficnojib30BaHHeM onHCaHHtix Bbiine MeTOAOB 6mjih BbueJieHbi b hhah- 

JlbHOM BHAe 6 aJIKaJlOHAOB. 

| BbiAejieHHbie coeAHHeHHH AaBaijiH nojioacirreJibHyio peaKimio Ha spro- 

gHAbl C peaKTHBOM BaH ypKa, HBAHJIHCb OCHOBaHHHMH, sKerparHpyio- 

^ H3 boahmx pacTBopoB b opraHHqecKrie p acTBOp HTejiH npn mejioq- 

JHeHHHX pH. OAHHM .H3 OCHOBHblX KOMnOHCHTOB CMeCH HB JIH JlOCb CO e- 

e > KOTopoe 6mjio HAeHTH(|)HUHpoBaHo KaK 3JiHMOKjiaBHH. 3to Beme- 
|k h 3JiHMOKjiaBHH, norjiomajio. b YO-cseTe, ero xpoMaTorpa^Hnec- 

BHJKHOCTb B pa3JIHHHHX CHCTCM3X H3' OKH-CH aJIIG&tliHHH H Ha 3a-; 

Hbix cjiohx CHjiHKarejiH (njiacTHHbi <<Silufol>>) (Tadji. 2) cooTBeT- 

ta HMeiOlAHMCH JIHTepaTypHbIM , AaHHbIM AJIH 3JIHM0KJiaBHHa [8]. 

eKTp 3Toro coeAHHeHHH xapaKTepii3QBajicH HmfeHCHBHHM MOJieKy- 

nHK °M C TYlje 254 H MaKCHMaJIbHH-M nO HHTeHCHBHQCTH IIHKOM (frpar-* 

M — HJ r c m/e 253, kotopwe hbjihiotch xapaKTepncTHqecKHMH ajih 
^iapHHa^ B cneKTpe.HMejiHCb THnnnHHe ajih sproajiKajiOHAOB Majio- 
^Hbie (J)parMeHTHbie dhkh c m/e 237, 223,, 207, ; te4, 192, 182, 180, 
r o4^ a TaK>Ke -cooTBeTCTByiomHe-nHKH AByx3apHAHbix hohob [9—11]. 
^yO-cneKTpbi 3Toro coeAHHeHHH (pHC. 2, Ta6ji. 1) npakraqecKH cob- > 
c HMeKDiuHMHCH b JiHTe^aType' cneKTpaMH 3JiHMOKjiaBHHa [12—15]. 
%Tp coeAHHeHHH (pHC 1) coBnaAaji c HK-cnekxpoM 3AHMOKjiaBHHa 
Ji onTHHOCKoro itpameHHH (-Tafiji. 1) b npeAejiax tohhocth H3Mepe- 
"4Aaji c yrjioM onTirnecKoro BpameHHH 3 ji h m ok ji a b hh a [2, 15]., B co- 
m c jiHTepaTypHbiMH AaHHbiMH HaxoAHJiacb TaKJKe TOHKa njiaBAe- 
,o coeAHHeHHH [14—16]. ,.' 

oe coeA«HeHHe 6hjio HAeHTH(J)HUHpoBaHo KaK arpoKJiaBHHi Oho no* 
y^-CBeTe;. ero xpoMaTorpa^HHepKoe noBeAeHHe (ja6ji. 2) coot- 
aJio HMeioiUHMCH b JiHTepiaType AariHUM [8]. B Macc-cneKTpe 3Tora 
•5 HMejI ^H xapaKTepHwfi ajih arpoiuiaBHHa h HTeHCH)B hh h nHK MQjie- 

,0 HOHa. C m/fi 238 H MaKCHMaAbHHH no HHTeHCHBHOCTH nHK, COOT- 

^lUHH ^parMeHTy [M— H], ofijiaAaiomeMy bmcokoh cTa6HjibH0CTbK> ; 
h o6pa30BaHHio CTa6njiH3HpoB ; aHHoro 3a- cqer 3(JxJ)eKTa eonpH^e- 
QHHeBoro HOHa. B Macc-cneKTpe HiieAHCb TaK^ce ^xapaKTepHbie jijih ' 
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aproajiKaJioH^OB iimca c m/e 223, 222, 221, 207, 196, 180, 167 h 151 
nMP- h y$-cnekTpbi aToro coeAHHeHHH (pnc. 2, Ta6ji. 1) npaKf Hi 
BnaAam c cooTBeTctByioiUHMH AakribiMH ajih arpoKJiaBHHa [12--vffl 
cneKTp 3Toro B^LuecTBa (pnc. 1) -coBniAaji. c HK^cneKfpoM arp&< 
J14] ToHKa njiafijieHBH h yroji : onTHqecKoro BpameHHH (Ta6ji. 1), <im 
' BosajiH Jikfep^aTypHUM jxannuM [14^—15]. ' ■ . m W 

. Tpe'Ti>e.COeAHHeHHe 6bIJIO HAeHTH(j)HUHpOB£HO KaK XaHOKJiaBHHl 

CTonmee BpeMH h3bcctho 3 •cT : epeoH30MepHbix BemecTBa ma xi 
' Ha-^xaHOKjiaBHH-I, xaHOKJiaBHH-II h h 3 ox a hqk ji a 3 h h , oSjiaAaioiUHXj 
KOBbiM MOJieKyjiHpHbiM BecoM, ripakTH'qeckH OAHH-aKOBbiMH yO-cn|f 
OAHHaKOBMMH ii-BeTHbiMH* peakunHMH c peakTiiBaMH BaH \^P^Mf 

CXOAHblMH X H M H M 6CKH M H ' CBOHCTBaMH; BblAeJieH taKHCe OriTHHCGK'K 

hhh paueMaT xaHOKjiaBHHa-II. OAHaKo sth coeAHHeHHH cymecTBeH^g 
jiMqaiOTen no hx HK-, nMP-cneKTpaM, yrjiaM ontnqecKoro Bpauxenmm 
KaM njiaBJieHHH h b onpeAeJieHHbix ycJiOBHHX no xpoMaTorpa<{)Hqed|l 
bh>khocth ll7].^XpoMatorpa$HqetKa5i noABH^Hoefb BbiAeJieHHoroBig 
(ta6ji. 2) cooTBeTCTBOBajia xp6^aT0rpa(J)HMecKOH hoabh^khocth 
BHria-I {8]. KaK h x a h o k ji a b h h-I , afo B^iuecrao. riorjiomajio b Jpj 
B Macc-cneKTpe BMAeJieHHoro riaMH coeAHHeHHH HMeJicn MaKCHMa^ 
MHTeHCHBHOCTH nHK MOjieKyMpHoro HOHa c 'm/e 256. XapaKTepnj:™ 
4>parMeHTaMH hbjihiotch* 4>parMeHTbi ■ e m/e 238, -237, 183/ 168'M 
B cneKTpe HMeJiHCb c 0 ot b eT ct By 10 iu h ei AByx3apHAHbie hohh. B uejixi 
eneKTp ke cTjinqajicH .cymecTBeHHo ot Macc-citektpa xaHOKjiaBHHM^J 

/' YO-cneKTp BeiuecTBa (Ta6ji. 1) hbjimjich xapaKfiepHbiM ajih x a hoik 

' 114, 16]. nMP- h HK-cn'eKxpu coeAHHeHHH (pnc. \, 2) cymecraei^j 
qajiHCb ot cooTBetcTByiomHX AaHHbix ajih H3px a hokji a bhh a h xa^ 
Ha -J I h npaKTHqecKH coBnaAajiH c nMP- h HK-cnekTpa«MH xaHOK*ijff 
[16—18]. Yroji, pnrHqecKoro BpameHHH (tafiji. 1) b npeAfeJiax tohh^ 
MepeHHH cdBnaAaji c yrjiOM onf H^eckord BpameHHH x a hokji a bhh a - 1* 
CyiuectBeHHoe pasjirane Ha6jiK)AaetcH b. TOHKax njiaBjieHHH xaHOKJig 

■ xaHOKJiaBHHa.il h HaoxaHokjiaBHHaVI (222, 174 h 181° cooTBeffei 
ToHKa njiaBjieHHH BbiAejieHHoro Bemecraa (fa6ji. 1) ripaKTHHecKrf 

• qajiacb ot tohkh njiaBjieHHH xaHokjia.BHHa-I [16^ — 18]. \^ 
*i eTB ep to e < go e ah h e Hh€ w 6 h Jio " H'AeHt h uh p 6b a ho KaiK ceTOKJiafo 
coeAHHeHHH AaBaino x ap a kt ep ho e 3 e ji eft 6 e , 0 k p^a hi hb a h h e c peaKTH%j 
ypKa, (J)jiK3opecuHpoBajio b yO-CBef e rojiySbiM cBetoivi, xpoMaTorg 

: Kan riOABHHCHOctb ero (Ta6ji ? 2) c 6 6tb eTCTBo b a ji a xpoMaTorpac^ 
noABH>KHOCTH ceTOK ji a b hh a [8]. Macc-cneKTp BemecTBa aHaJiornq^j 
cneKTpy cetoKJiaBHHa [10]. B Maoc-ciiekf pe' o6pa3ua HMejiHCb-HHTeHj - 
hhk MbJieKyjinpHoro HOHa c m/e 254, iiapa HHTeHCHBHbix nHKOB c J| 
^M— 18] h c m/e 235 [M-19L a Takkce nnkHi eooTBeicTByibiuHe fy'pa^ 
c m/e 219, 211, 210, 196, 181, 168, 167 h 154. yO-crfeKTp coe|i 
(Ta6ji. 1) npaKTHMecKH coBnaAaji c yO-cneKTpoM ceTOKJiaBHHa [14|^ 
bhaho H3 pnc. li npaKTHMecKH HeT p a 3 ji hh h h m e)k Ay HK-cnekTpoM B^g^ 
Horo HaMH o6pa3ua h HK-cneKTpoM ceTOKJiaBHHa [18]. yroji onTH^H^ 
BpameHHH h TOHKa njiaBjieHHH BbiAejieHHoro HaMH BemecTBa (Ta6g^^ 
OTJinqajiHCb cymecTBeHHo ot jinfepafypHbix AaHHbix ajih ceTOKJiaiBH=CT| 

IlHTOe COeAHHeHHe 6bIJIO HAeHTH({)HUHpOBaHO KaK rieHHHKJiaBHI|.|||| 

ctbo AaBajio xapaKTepHoe 3ejieHoe oKpaiiiHBamie e peakTHBOM Ba*ff|^ 
i})jiioopecuHpoBajio npn yO-odjiyneHHH rojiyfibiM cbctom, ero xpoMaJl^ 
(J)HMecKoe noBeAenne (ta6ji. 2) cooTBetcTBOBajio ji HTep aTy p h hm Af^S 
J.JIH neHHHKJiaBHHa [8]. Macc-cnekTp N o6pa3H 1 a xapaktepH30BaJicH 
MajibHbiM no HHTeHCHBHOCTH nHKOM MOJieKyjiHpHoro HOHa c m/e 270 >%fi 
6opoM h h t e Hcii b h bix (})parMeHtoB c m/e 235, 219, 208, 196, 181 h 154 aH|M 
thhho [10]. yO- h HK-cneKTpbi BeiuedTBa (ta6ji. l.-pric. 1) n P aK ™^3 
coBnaAajiH c HMeioiuHMHCH b JiHTepaType cneKTpaMH neHHHKJiaBHHa 
18]. yroji onTHMecKoro BpameHHH rf TOHKa njiaBjieHHH BWAeJieHHoro c0 %^( 
HeHHH (TaSji. 1) xopoino corjiacoBHBajiHCb c jiHTepaTypHbiMH A^hh s' 
[15, 18]. 
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h irpHTH(bHK3HH$i uiecToro coe A HHeHHfl 6biJia ocymecTBJieHa Ha ocHOBa- 

jfiCa BeE il xapaKxepHoe seaeHoe oKpauiHaaHHe c pe- 

^ BaH VpTa, (p^opecuHpoBa™ n P H V*^™ ^S^SS : 
InoMaTorpaAHqecKoe nosefleHHe coeAHHeHHH ( T a6ji. 2) n P a ™ ec ™ 
ISocbOTonHcaHHoroB JiHtepaxype ajih H 3 oneHHHK*aBHHa J5]. 

^ScH MaKCHMajlbHHM no HHTeHCHBHOCTH "™ JJ^^lS ^1 

•970 H Ha6opbM,HHT.eHCHBHhix cpparMeHTOB c m/e 209, 208, lab, ipi, 
ft* ofoasoM vcxaHOBJieHo, hto rp H 6 tfamceps sp.. HBfcM-F-401 

gy* ^SohS ^rfMOKJiaBHH; arpOK^BHH, xaHOKJiaBHH-I, xcto- 

^ neHHHKJiaBHH H H30neHHHKJiaBHH. TJp,hp. 
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Production of Alkaloids and Related Substances by Fungi 
Part III. Isolation of Chanoclavine-(I) and Two New Interconvertible 
Alkaloids, Rugulovasine A and B, from the Cultures 
of Penicillium concavo-rvgulosvm 

By Matazo ABE, Sadahiro OHMOMO, Tsutomu OHASHI and Takeshi Tabuchi 
Faculty of Agriculture, Tokyo University of Education 

Three Peniciilium strains having the excellent ability to produce indole alkaloids in 
surface and submerged cultures were isolated from the air of the circumferancc of labora- 
tory. These strains were all identified as Penicillium concavo-rugulosum ABE. 

By selection of the strains and modifying the medium, the total alkaloid yield in 
surface cultures could be increased up to ca. 1000 mg alkaloids per 10 cultures (culture 
filtrate 1.35 liter, and the mycelium 15 g, based on dry weight). 

From these cultures, a hitherto known ergot alkaloid chanoclavine-(l) and, further, 
two new interconvertible alkaloids, rugulovasine A and B, have been isolated in good 
yields. 

Rugulovasine A crystallized from benzene as colorless prisms ; Ci fl H lft 0 3 N a? mp 138*C 
(decomp.). [«lr? 0°, [«]JJ S 0*0=0.5, pyridine). Rugulovasine B separated from benzene 
as colorless resinous oil ; C 16 H lfl OiN 3 > o*, Mg, 0° 0=0.5, pyridine) .. It yielded 

crystalline salts : the hydrochloride, Ci«H ie 0 3 N 3 HCi HjO, white prisms from water, mp 
187°C (decomp.). 0* 0=0.5, pyridine) ; the oxalate, C M H„03N r l/2 C 3 H 3 0„ colorless 

prisms from water, mp 217°C (decomp,), [«]f? & 0=0.5, pyridine). 

Both rugulovasine A and B gave reddish purple color, turning into bluish purple color 
with AHport and Cocking's reagent They were revcrsibly converted into each other in 
various organic solvents, especially in alcohols. They were considered to be the chanocla- 
vine type of new ergot alkaloid isomers, containing an opened D ring and an unsaturated 
lactone ring in their molecules. 

The rugulovasines have been found with chanodavine-(I) also in the cultures of 
various molds, such as Penicillium ruguJosum, Corticium caeruieum, Pellicularia filamen- 
iosa, etc., besides Penicilfium concavo-rugulosum. (Received March 5, 1969) 
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576 HHSXri. -XVtZLW, 

it J: ? frfcjrefc* 5 *». fi;fc*W5> 

oSM^JSU-fbtLS. d<^£\ ft A> 

froT-cftii** t. %©Jffi8fc©**ttfcBBWfr»^ 

S kJiiiif.-C' L Sift© $BSic2g«> h htz t © jcoi . 

^jr/i'Ap-f KHHSSttftM "X", "Y" JsJtff "Z" 
C ©IttK »ft*JK *ifC t ' 4 *. Jiffl Sit. W|B#K* 
A<b 3 tS#s;l>V>-f;Hi> P«nf«7Zi«»i concavo-rvgulosum 
abe -f^s; t tftfetifc. *ce#!&feM:JR 0 
-r. £ Jl & 3 ? 1 4ti 

i«:*©lfffl*ft**.^L-c*iMHfc4r£*U *© 
iff il* fc o v > X " X ", * Y" is X " Z " 0#-ff*2t* 
fc. *©ffi*. i-f "Z" *. o^.-c "X" 
©«4-i L-C, $ h fc "Y" «rtt«tt<fc 2r t UT-Wf 

t w icfffc 3 •> *>. " Z " Ji^ s/*r &pg 

~**fc*a»fei^©tt*IMIii: tTT^tttlL. mp220*C 
(dccomp.). L«li?-234°. [«) 5.-»6". (e-0.5, pyri- 
dine) fe^L, 9^* CwH^ON, KLttSL-fc. Cjifc© 
iiS14!S*»lb, *%H^^ft7'^*H'f K chanoclavine- 
(I)<*> (secaclavineW. chaooclavinet*>) -CfcfcifcK: 

*~5*l-/nb chanoclavine-(I) <5-thit<-SL 

fc. o^rc. -x" it-<y-tfy*»e»*ft©WUt**t tT 
tfUJL, mp 138^ (decomp.), 0% [*]«, 0° (c- 

0.5. pyridine) &#L, C|,H,AN, fCft^Lfc. 



a, »ft w 43 *- 1969 * 

mp 225°C (decomp.), [*]? 0" (e-1.0. pyridine), ft 
JS C„H 1 ,0 J N a -HCl fctfcLfc. *fc*©IMMH***»e> 
$k&<Oft#.%Sb b LttfttU mp224°C (decomp.), 
[«]d 09 ( c=1; °. Pyridine), &j£ C ie H„(WC a Ha04 

fcsubss Eiiic»L-c -Y" oiawart*A»e»wa 

*.*SfeOtttttt*i U"C*faL, nip 187X; (decomp.), 
[«] s D 4 0 4 (e=1.0, pyridine), |aj£ C lc H M 0 a N 8 .HCl.H a 0 

1f*L, Jt«)||f|i*H:**»feite&ott«»*^l-"CWW 

t, rnp Z17°C (decomp.), 0»(« = 1.0, pyridine), 

&!& C lt H 1 ,0,N J .l/2C i H a 0 4 t*Lfc. C*i?>oa»ttW 
« x » ^ »y" tltBi:^**^ *9^2>»r^ 

^.WSilfcOt:-, CKv-h^H^iX rugTilovasine A is 
B OJ&fc-V-ifc. ruffulovasine A £tf B !i-?r 

K chanociavinc-(I) itHlOf. V >&Z> D 

•^tt^{±£ - IC ^ Sitfe Peniciltium concavo-rugu- 

chanoclavine-(I) &&tt : JEft? * ii v 4 h' ttzlt 
£fc y >v * p -f K i t % i^'Ai& 3 il % i 1 1>'-&!i& 
hhtztA. c4i&oiWo*fe»ill.boB8((5si-5i.-t»iri"F«l 

I. > K-;u£ftWtt«£te*JK£i£1S«&l*«>fc 

* e ^ * 

'/>«** L fc. w OKI, '/>«Hffl^*fe i U -C <S J-: iLt 
Czapeck-3|5^^Jife^{s(iffl tfc. 

tE3®tt4&B* ; iroe^* -ctkmzHX ^ 5 a** l -< 

= 1%, KHgP0 4 0. 1%. M*S<V7 H 9 0 0. 03% <D 

iBJj!c<D*jt*S¥*fc r y** r*«rHp^t pH 5. 6 fc -f 
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$ 8 V, 8 Ej . 
-fo^rli 1.6 cm, £3 17.5cm ©5*fctfR:#&. SB* 

HtBfttJB^abiv^B^H-tto-CJMU 28~30'C 

Htt*Hfc-3^-Ctt.ft»iBiBII<t)W(lffWK. 1/10 
n ftnME 10 ml -f oa^i, fglg&&#* :OSti«> 
flr*<4 i 4 %ici*tkiia ur, 

(SifcO^-C-f V K — ^Jbtlt". O WSS^fer />-dimethylaniino- 
bejissaldehyde-fjigjjflfc- (Allport-Cockiiuj K&> 

-CLfc^, *ojte^»Ric,B»&iifc»ftKJi. or 

*^;ncfejg, fcHSLfcfct*. i^ 3 ^ h 

7 ^ -♦t»»JWfc L"C 7a-{r> B-5 0*3 0.25mm), 
SWJififili Lt *f v to A, J*-** C10: 1 (v/ 

v)] fefflv*. Ji»ttBiJ:-9-cS8ISLte. EiticJt^-cff 

©jfj^^ Lt>^ ( "Ol»t? "^tC ^-dimethylaminobenz- 
aldehyde 2g ^jg^|^20ml £ / -fl, 80ml £<D& 
«IC#j!FUtai«UfciKai (Ehrlich £X) *PR$LT 

* K « * 

1-/77 < --e, itit */ 0.50, 

0.41 * J: #0. 02 ©£fclSKLl*£fefcUL*£&©S!i: 
■Ct'**Oa»6>WlC "X" <fl/0.41), "Y" (/tf 0.50) 

^j, "Z" ^ftr^*»"f K chanoclavine-(I) 
Lfc^ffil^i-Ofil^L-r. "X- t "Y" costacla- 



577 

II. ttSRi^fc^-^'J^ARSBttOjSlS 

Vtt&KlfeH slide culture (igjflj : Czapeck- 

see* 

It /J% 3 < (26°C, 1 4 H m *> WJS "C" H't ff, 3. 3 ~ 3. 5 cm i . 

**)"i4iW»tvf«»- K«<ri5L. %ifii(£ft&. afrKiitt 

Raper & Thorn »> fcitf Abe' 1 ") <r> ftMtC F? L- "C ^ 
/-^ * >j, Penicillium concavo-rugulasum ABE f 

tt/c Penicillium concavo-rvgvlosum Abe 1F0 6226 

IH. Penicillium concavo-rugulonum 0Jgfi48l 
35>e>^ > K-^KJSRHi«Stt*lt "X". "Y" 

a. MSIt : M*fk<omm-Z'W£2htz Penicilli- 
um concavo-rugulosum © #5 a* P> , s»Fi - ^ 

b. : *SjHi-t-<-c»ja#aifciiiJ:o-Ci*i 

1%, KHaP0 4 0.1%, MgSO^^HjO 0.03%, C. S. L. 
0. 1% OftC O *3i**J*4r T y* = T*-C PH 5. 6 |-- 
jSMLfcOfe, 700ml o^- - 7?x»e 150ml -f-a 

28~S0 e C ©MjS^rtRi 15 fJMfBir:. 

c : ±S30«« 80 ± -T ft 1 * J: «f 

tJcttSiJL. U-C 120g) 

i/ion mmm k&smx, % & i • l f+-«t 

10.81) ifrdfL. -/y**r*-e7**y 
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4000 3500. 3000 ' 2500 2000 1900 1800 1700 1600 1500 1400 1300 1200 1W0 1000 900 

Wave nnntwr (en- 1 ) 

Fig. I. IR-Spectrum of Isolated Substance in KBr. 



Isolated substance, 



s&fe® Hex- * t-ift%£KffiM*- r»4>Kmm uyi- 

8**f9fc (JtSES. ««Wl«iate0»100nw). 3 k 

L . C *Llr 1/10 N *m<b+- flMfcT? PH 6. 0 

£ i ^ t* * *.*AfcEI 200ml < & 

^L4 0i>!)i*-C, jS*© "X" t "Y" 

fc*tt«??E&K * *» 1:1 A+lclM/S*. " 2" * 'J v 

(i) "Z" [Chanoclavine-(l)] : .bSSO 

"Z" **tr U 3/HMftffl»»&T x-*«T*-e pH 10 ffi 
fttc3BfiSUfcO+>. 200ml i < 5 d>*.LK 

|5U>> 4-tf-C. "Z"*t*?5*;H-5g"l!tlt(»»*^*+ic. 
fiSLfc. toft*** MEET-ettia:* 

50ml £*L<.fr& 4-tf, "Z^Oi"^*!**"^*!* 

u fc. ii o ttfllK * A- t& ^ v * » pH 10 hIj 
A 9 "Z" ^•C'^^nf^^tcgisEg^^/U^lE 

t>«ffiTT?5miaflE»K*t?tt«t, iEia (5 a C) ©Tc 
KELfcfcta. m<o%>% "Z" tfft&e&lfcgAJ: 

LT'UOmg /;WaiLfc. *4Mlft~(5'-tfV > 

tftRifc L"C*Ttti L, mp 220T3 (decomp.). -234 s . 
[«]3J,-286° (c=0.5, pyridine) *>7<Lfc. Sfcjc* 



— Chanoclavine-(I) 

flitfc. Found: C, 74.99; H, 7.69; N, 10.80. 
Calcd. for CuBnON, : C. 74.96 ; H, 7.86 ; N, 10.93 

96. 

Allport-Cockin* ftXlC J; WRft^lSlE**-*.*:. 

Kfc >^ (Fig- 1 #«> 

^f^m^iftT'^i'* K Chanoclavine-(I) <b|B!5E£:h. 

fc. 

(ii) - X"(Rugulovasine A) <05t%£ : fdfti30"X'' 
£ "Y M £ik&$ii~2> f HwVAjgffi^ai^ifefei £ 

lA<o i% v y«***fc»L< *o *-tfr. "X" it 
y*ar*lf PH 10 fflgic Atf-*- * iii lc. ttfat^ 

Mi||*^/pftX%ftib. SBEET-CffiBW" **t?*liU 
^O&S&fc** 1 100ml K&fftLtz. 

■b. s e«-e/K*tfc- 
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$ 8 f , 8 ^] F*. 
-X"©****- 08 * ^WWl-fc- t Mr HSU 

|fi&g*>ib. ^ro "Y" fc©HHe«£lc39fcL$4»f 
«T/>'*» , 'f Ktfcii £*tft&*i> Rugulova- 
sine A isg^Wfc. 

(Ui) "Y" (Rugulovasine B) <OftHk '• iSSO^v 

HflMMt "Y" tfjWft© "X" «b £ HcMttcfttt 3iit 
flicf* U " Y" ««-****S*i*aJfl-«r5 * t J: tic, 

*Hfc~jn-c«*©aS;t? "Y" ©iMMMrH^t**: 

7-fe !• V 5ml fc#?ffl!L, 0-5ml SrilR*., 

±<*!>**fc© , bS»lc*HUfci:E*. "Y"©igi£ 

bM&&LX "Y» ©£&£■#,£ 2irc ofiftttKIA* 
i UTflfc. iOiSKi. "Y" (cou-cticti^^ai 
L * 5 * E i & *» •» tea*. -tO^JH^flliatefc i 
.taBgffi£fc *©*•*•««© -t $ fc*ttfW»e> , "Y" 

^t© t©&* "X" (rugulovasine A) ©10©7l&&{£ 
«:-C$>2.ci^«i5g3^.fcO*t:', c HK rugulovasine 
B ©****.&■ 

IV. Rugulovaaine A (" X") i$&Xf B ("Y") CDffl 

WK+i;, j eK j eti"Y"*fio tK x' , >c^bi's^iiA5 
^P-rh^y^-Kio-CS^ii, "Y" K.'OV'-CJt 

hhtz&, Zicozbfrb. &©4S29aftlcHl,'Cl'?© 
Mttrff ft 
* R 3 

Rugulovasine A O^Sig&i: rugulovasine B ©$B§ 
jj£ [10: 1 (v/v)] 4rffll>aflir|EO?ie*-''^h^5V^ 



ffH^S^ii (»3i) 579 

-KlftU Ehrlich Lfc©"<b. rugulovasine 

A is «* B JCffl^-f 5Sfe«^*?'J'i' I- * -* ~ 
(OZUMOR-82 M) K*i>XitQl£8iVTz. 

S » tS * 

tftt*5>ftfc* 1 . *0tt»»fc 4»© * £ ') t <h » t * 
■ft Table 1 ©£&<*?$>&- -ffti?t>, £*iK..t 0 
rugulovasine A £ B tit, &{«r"fc* 

Table I. Conversions of Rugulovasine A 
and B in Organic Solvents 

Conversion (%) 

Solvent from Kugu!Ov<«:m« Itom Rdgulovatine 
A to B 15 to A 

Ethanol 47 12 

Etbyl acetate 28 1 

Benzene 13 6 

Pyridine 0 0 

Each sample was dissolved properly in the 
solvents, and the solutions were boiled for 5min. 
The resulting solutions were subjected to thin-layer 
chromatography on WAKOGEL B-5, using chloroform- 
ethanol mixture [10 : 1 (v/v)] as developing solvent. 
The chromatograms were investigated with an 
automatic spectrophotometer, OZUMOR-82, to deter- 
mine the amounts of alkaloids. The alkaloidal spots 
were detected with Ehrlich's reagent. 

V. *a*4*S#© TOgulovaaines 

fe«t>|C rugulovasine A B *'.^S*iXV*5i» 

£ 5 ^p-* ^77 4 -fci-^r tip^fc. 

H6>©SftK ItlfS Penicillium concavo-rugulosum $ 
41© rucuIovaame^&OttttffiAJift: 1 ife*Jta*.fc. 

b. iSSl* : JS*tU"Ctt^y*» f 3%. 7*K^ 
IS 1%, 1%. KH 2 P0 4 0-1%, MgS0 4 -7H a O 

0. 03% ©j&J«©;fal2Kig$*7 V* - 72k "C pH 5. 6 |C 
HaSkLfc©^, 700ml ©/!/-■ 77^ aC 150ml -fo 
iJtt, ftBL^totr^W^. *fc. ^SliE^e>©^ 
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m. t flH*«:#ifct£.K ot-f v K-*JKsKlittBt 

ffiWfci**^*"* ©swat l*:. 

Rf B. ftSlR«5ffi*»&. rugulova- 
sines t>*#&-rz & fB*e>iifc W-frfctt. ^©SW^ 
[2:l(v/v)], *t»P**.A-i? 

t<5 ^ h 7 < -fCfcftU rugulovasines fgiSi 
* £ It * 

ru^H/os«m ABE Ojiis 4 fg0&|$. Penicillivm rugu- 
losum TilOM, Corticium caeruleum (Schrad) Fr., 
Pellicularia fitamentosa (Pat.) Rogers Lenzites 
trabea Fr. ©frfSStK.**^"*^ rugulovasine A *>.£l*B 
<0>>"/t < i: 4j— chanoclavine-(I) *; J; t^-%-<Dflfi, 

1> 3 fix u ^ ,-Jf SBitJl W $ H. £ *i «b © 0 # ^ 
rugulovasines #j8fl:«;fc2> C t t>>6£M.$htc. 
VI. Rugulovasine A fcltf B Oafl:¥ttttK 
Rugulovasine A : *1^fI(i-< v-tfV, ^ n o 




t LX ffitfi L, mp 138°C (decomp.). 0°. Mm 0° 
(c=0.5. pyridine) 4 fc3Bfl-«!RJR * * * *■ 

ti UV jl«;g» (e) : 224 (27,040). 277 (5757). 288 
(6743). 295 (6682) 

SfiS-T 1 ^ C„H ia O a N a lcjH«W5. 

Found : C. 70. 83 ; H. 6.09 ; N, 10. 01 ; (C) CH„ 
5.54 ; (N) CH„ 5.41 ; mol. wt., 268 (MS). Calcd. for 
CjjH^OjNa : C 71.62 ; H, 6.01 ; N, 10.44 ; (C)CH„ 
5.60 ; (N)CH a , 5.60% ; mol. wt.. 268.3. 

*«f)*JSKi8ftlcSf*lb, %<V®mit Allport- 
Cocking i. -» XtitfEW t t <L lr&%&fi>b 

tWR dtcjffft -f * Sfc & £ * .«r ■ *. s . S fc Siiti * - * 
A, r -t V * F y ^. ^ v-tf J^WiS : a* / 

£ tt (b <o z <o ^mm^m t <* t ^ & «. • . 

rugulovasine B >c^b"f S- ^CKtiffi*>JcL*>^ 
Dragcndorff J: *,Xt*&Vi<0 

-H, *fbHtttt «K Wl* 
fe«liHi«:©***r»«+* ■ * * «ttt »* * * F ^ m P 
225'C (decomp.), [«] s 0 2 0° (f = 1.0, pyridine). KldSj 
C lt H,AN 4 -HCl *«S-f *ao#.ttffiA H-C. 4fc^ 



9 
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Ot'^ll * fi /- *fah mp 229"C (decomp.) , 

0" (e=1.0, pyridine), CuHmOjNj.CHANs 

mp 224"C (decomp.). [«]? 0* (c=l. 0. pyridine). g. 
„lt C w H„0bN v CtHA Ir^-tSSCi^lt^i^ifi Ut, 
^i^jh.ffiJB"*" 4. rugulovasine A «D##-®gftJRX** 
9 J- 7V^r. %<OM&%L<0*:h.bb i>kZ.>i<-?£ Fig. 2 o 

^ l-;Ht UV JEW* m//(e) : 227(23,600), 278(5025). 
288 (5887), 295 (5833) "Cfc5. *4bS%lHl£H:M 

6Gl«>«:RlSft4. LTflrtiJL. mp 187«C (decomp.). 
[a]i=0°, [a]ij6 0 o (tf=0.5 T pyridine) fcjjrf. £©ffi 

HC1-H.0 ^sta. 

Found : C. 59. 12 ; H, 6.01 ; N, 8. 63 ; CL. 11. 43. 
Calcd. for Ci t H I9 O a N a -rlCl-H 9 0 : C, 59.53 ; H. 5.89 ; 
N, 8.68 ; CI, U.01%, 

S*WMff©l**tt. *SKtt.O*M (rugutovasine 
B) g 26B0fc«>'Ofc&£fcfe;j*Lt .hfiE©^ 
* C 16 H,AN 2 frhftbHZtWm. 268.3 t 2 < HOT 



rugulovasine B ©fclftgit*** £> mp 217°C 
(decomp.) %7jc*&fc©at**gft t LTtf tU L . * U 

Found: C. 64.40; H, 5.51; N, 8.64. Calcd. for 
C M H 1 ,0iN 2 -l/2QH 3 O 4 : C. 65.16; H, 5.47; N. 8.94 

-*t<o^>lgiS«. W&<K rugulovasinc B t © Jr. 
« 4*5^3 A,, rugulovasin* A *f i 41^. 

4ToHo«Mlt«t»T? <,in^ JScfc-f . AUport- 

Cock.ng grJSIlc J: o ^ ktf^fc^ iSftt^ 

F'g- 3 rugulovasine B £g££©;,Ai 
fl-SSlRJlX Wi'Sr. jffifit© rugulovasine B (gjflfc 

Rugulovasine A, B iPa&fckfrA'\ Z © J: •) ftfiiiSfc 
io7AAp-f Kt'fcajS^itU5fi)6»-CZcl^*. k&!©«t 

I'-fH WfflW* (1740~X760cm- 1 ) is £V%— 

:v£fifcfc£ (2420-2440 cm" 1 ) ©!RJ|)<*™-r>]F!£;5> 
P,^,ii, jpgigtt chanocla vines £[31$, 

ic^fflflj^ * h vll ffl^r^Lt^ S *> © £ i? ;h 

VII- Ragulovasine A B ©££fEffl 

Rugulovasine A, B ^jr/u* * •< r-*JC 




4000 3500 3000 2500 2000 1900 1800 1700 1600 1500 1400 1300 1200 1100 1000 900 800 700 

W*v« number («') 

Fig. 3. IR-Spectra of Rufrulovasine B (1) and Its Hydrochlorid (2) in KBr. 
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582 RiXH, 

m&<o * © *> * * ^ *» * wwew*. LD » 

70~80mg/kg CiJ&'jOlbitfc- OV-"C. flISt* 

D „ Hi - i * „ * v t -e^Lfc!ffiKi0lsai* Lfc^g-fw 

»i, rugulovasine A-£gfc£T? 0. 2~0. 5 mg/kg. rugu- 
lovasine B-Igtffi-C- 0.025—0. OS mg/kg tfjfeofc. C 
OiS-g-, rugulovasine A-tftt&tMt, &ffiflF#a>i»BiS 

**a«Ui* 5 , rugulovasine B-WtUk-VftPtEfttS 
3? 14 

ix^©ll#>!>'l< % "f Jv4> Penicillium concavo-ruguhsum 
ABE -CkattfcWc-^fc U I^P$K:*©!&®*53s$& 
*»fe£ftT^* ■» < K Cbanoclavine-(I) J»'J:0 ! 2iO 
JFrM-f * J 7 --*' " 7 & K&fliJiLfc. |i<)ff7 r ^'* 
p-f Hi, ttm^-TS; C w H l(S O a Nj, jcftigU S-iio 
traMa^-CttZlcRttftU. 38»««fc«rL-C|||ifl:|» 
TftMn'&TjsL Zixbt: rugulovasine A JoiO* 

B l^<^ftz. rugulovasine A, B ji^R-ftftitt. t 1»K 

X', ft-f-^K'^&ftl 1 ? 9 V Vgt 1 IB^M] L-tl'S *:>© t 
ft**, Pcniciltivm concavo- 

rugulosvrn HfcKt)'>W Penicillium ruguhsum, 



*m -jj. mm&± »ft a* 43 *. 1969 * 

Corticium caeruleum, Pellicularia filameniosa, Len- 
zites trabea ft Z&4<0 t. i. «K: Cha- 

nodavine-(I) *s.fctf*©f[&©S&7VH* p -f K&feSS 

CMwaiRW 43 ^ 11 ^ 10 0 , 0 »isft9dHX • 

(1) *jfn=&=fl5, Uj&BEE. iS5^#. 

UlBS«:«fb. 41, 68 (1967). 

( 2 ) D. Steuffacher and H. Tscherter : Helv. 
Chim. Acta. 47. 2186 (1964). 

(3) WSBXH, 28, 501 (1954). 
( 4 ) A. Hofmann, R. Brunner, H. Kobel and A. 

Brack : Helv. Chim. Acta, 40, 1358(1957). 

( 5 ) L. Allport and T. T. Cocking : Quart. J, 
Pham. Pharmacol., 5, 341 (1932). 

(6) M. Abe, S. Yamatodani. T. Yamano and 
M. Kusumoto : Bull. Agr. Chem. Soc. Japan, 
20. 59 (1956). 

' (7) **P£HA5, IUSF&£. fig* R: 

$kit, 34, 360 (1960). 

(8) S. Agurell : Experientia, 20, 25 (1964). 

(9) K. B. Raper and C. Tom, A Manual of the 
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Soc, 1961. 2085. 

(12) UUIF*&. *fn#HSJ. 
AfflW*»M»». 21. 95 (1962). 



From: 
Sent: 
T : 

Subject- 
Importance: 



Marx, Irene 

Wednesday, July 17, 2002 815 AM 
STIC-ILL // 
09/824590 /bit 

High 



Please send to Irene Marx, Art Unit 1651; CM1, Room 10E05, phone 308-2922, Mail box in 11B01 

Tl Ergot alkaloid biosynthesis by isolates of Balansia epichloe and B 
henningsiana 

AU Bacon, Charles W.; Porter, James K.; Robbins, Joe D 

CS Richard B. Russell Res. Cent., USDA, Athens, GA, 30613, USA 

SO Can. J. Bot. (1981), 59(12), 2534-8 



Tl Conformations of the ergot alkaloids chanoclavine-1 , 

auranjioclavine, and N-acetylaurantioclavine [Clavice'ps purpurea, 

AV ^^SdS'ik?^^^"' A V-: Bam " M B ' ; Kozlovskii ' A G ' 

S0 col 1 ^^ of natural compounds., Sept/Oct 1983 (pub. 1984) Vol. 19 No 5 
p. o2o-o27 ' 



I . p eptide-type ergot alkaloids produced by Hypomyces aurantius 

AU Yamatodani, Saburo; Yamamoto, Isao 

CS Kobe Women's Junior Coll., Kobe, 650, Japan 

SO Nippon Nogei Kagaku Kaishi (1983), 57(5), 453-6 

Biosynthesis of ergot alkaloids. Mechanism of the conversion of 
chanoclavine-l into tetracyclic ergolines 

AU n™^ H ?L ra ^L™ e £l!' L i n ' Marie; Chan 9. Ching-Jer; Naidoo, Bala; Blair, 

^ ^ re E,; Abou -Chaar, Charles I.; Cassady, John M 

CS Dep. Med Chem., Purdue Univ., West Lafayette, Indiana, USA 

SO J. Amer. Chem. Soc. (1974), 96(6), 1898-909 



Tl Ergot alkaloid identification in clavicipitaceae systemic fungi of pasture 

QT3SS6S 

p25S, r ii J B n S 8 K : Bac 9". Ch a r| es W; Robbins, Joe D.; Betowski, Don '. 
GA US A Se IC ' Unite<3 StateS Dep- Agric - Athens > 

SO J.' Agric. Food Chem. (1981), 29(3), 653-7 

Tl ALKALOIDS FROM THE FUNGUS CLAVICEPS-SP IBPM-F^101 
AU AN K ^L L §^'s A L8Stf ADANIN V M; GR.GOROV I; 

3 ^^SS^S^^^g^ ussp - PUSHCH,N0 ' USSR 

90:199927 

Tl Ergosine ergosinine, and chanoclavine I from Epichloe typhina 
AU Porter, James K.; Bacon, Charles W.; Robbins, Joe D 

I! 'SffiSS&XfsXSft&F*- Mm: A,hens ' Ga - USA 

m"W^ P $gg]° l ?g5g[SiJg L " M - 0 < DS BY SPECIES 0F BA " NSIA 
CS athenI!"ga ;I 3o^, L £sa U SCI ' EDU0 - adm " r ' b RUSSEL1 - agric r es. cent., 



CONFORMATIONS OP THE ERGOT ALKALOIDS CHANOCLAVINE-1 
AURANTIOCLAVINE, AND N-ACETYLAURANTIOCLAVINE 

V. G. Sakharovskii, A. V. Aripovskii: 

B * Baru » and A. G. Kqzloyskii roc 547. 94:541. 63:543.4 22 23 

^'^^ of the ergot alkaloids co„tai„ ing an . 

chanoclavine-1 (I) U] /«?^^^J^ 2 f "W""^, -tudy o£ the »H ^p^f^l 
^ the a cetylatlon Qf aur*ntiocl^i^ 



An analyi 
^ E form of 
|IW« 4Z) sho* 
former is no J 
lover proporti 
fragment on th 
jer Waals inte 
£ he acetyl res 
tions ("6-exp" 
0 f the side ch 
by ^ 0,5 kcal/m 





7 




1. 



2. 



A. G. Koz. 
Mlkrobiolj 
A. G. Koz 
Nauk SSSR 
V. F. Bys 
M. Barfie 
V. G. DasI 



» " chanoclavine; ft) - aurantloclavine; (HI, - N-acetylaurantioclavine 



*ent m S U co 8 „f 0 o f r ^i o : 8 C f C i la c ted a L r °S dependence of .j H H ln the . 

protons of the methyl groups in (I Zd t ^P* 11 * 1 interaction of. H X0 Sith the' 

From the condition <».>= . Np <»> fiho £ the predo»i M nce of conformed 4 . 

" Jf 18 the 8 P ln -spi« coupling constant co&espondii 
in. it -To «»».. fc ^ . . 



Con- 
cao 



to thi 
m 
in 



conformer and 



„ f , , ■ ' — ™ «'-—■» <-««»tanc corresponding 

■ixtur. of corf,,™,. ( Di^|"^k"1«St^ 1 . e J?* S ' " TT" tta -~» * » " «• 




Conformation of compounds (I)- (m) 
Thepassagefrom (li) to (Iin ^ t ^ C *: Cwb0nd - 3 

a change in the conformation of the seven-mi,^* A '* Hz ' Thl ? fact «n be explained by 
substituent from the P-^o^t^TjrSJ^f-T^i - «»P— «8- o/the Me^CH 

( TT^ B °,Sr firmed by the greening of the £ ^ co ?«*«on I*l • This ' conclusion 

cm) <*« - +0 .3o pp.) with a .^^^vsr; a^wrstf- ( ? to 

657 ^rSshcSino^o^ 

657, September-October. 1983, -br^^S^^S^^Ir!? 1 ^*: No '" 5 ' «" ^ 



626 



000 9 -3 1 30/ 8 3 /19 03-0 626$ 0, 5 „ , 1984 




ALKALOIDS OF 06 

V. M. MatM 
and S. S. 



- Continuing 
*0&restigated th 
P«ie 18, 1979 i 
1 rt yielded 0. 

ms. Crystal 
.1 mixture of .tw 
Acetate (1:1)] 
iother liquor a 
isolated by chri 

The IR S pe< 
kving absorptii 
KHR spectra (CD< 

«lnglet at 0.86 

three-pr ton sir 
3.59 from H 
■inglets at 4. 95 

Analysis of 
literature e 1 
l**t delpheline ; 
^ritory f' th e 



( Abu 
/ JJr dnykh Soedil- 
V ^tted March 14, { 



ooos 




^ analysis 



of the < 3 J< 



values for (III) - 8.1 and 7.5 Hz, respectively, for the Z 



63 •* 543, 422.JI 



nln 8 a, » -™ 
« spectrTJ 
C1I >. obui^g 




j^Il a» OJ -^ ' > * w ^ ' w • ' • -> ico^cLLiveiy, i or tne Z 

E form of the acetamide grouping (the E form was identified from its NOE value of H 17 - 
& s hows that > ± n the first place, in contrast to (I) and (II), in (III) the D con- 

is no longer predominant and, in the second place., the E form contains an appreciably 
^proportion of the D conformer than Z form. The influence of the state of acetamide 
f ^ent on -the proportion of the D conformer in (III) can be explained in terms of the Van 
^ yaals interaction of the 7-Me group with the 18-Me group (E) and the oxygen atom (Z) of 
\1 acetyl residue. An analysis of the calculated values of the energies of these interac- 
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Continuing a study of the alkaloid composition of Delphinium ^ternatum [1], we have 
liirestigated the epigeal part and roots of the plant collected^in the flowering phase on 
^ne 18, 197;9 in the basin of R. Varzob. The customary chloroform extraction of the epigeal 
rt yielded 0.15% of combined bases, which was separated into phenolic and nonphenolic frac- 
pos. Crystals isolated from the ether-soluble nonphenolic fraction proved, on TLC, to be 
iilxture of two substances. Chromatography on a column of alumina [eluent: hexane-ethyl 
*etate (1:1)] yielded delcorine [2] and a base (I) with mp 215-217°C (acetone). From the 
»ther liquor after the separation of the crystals, an additional amount of base (I) was 
awated by^ chromatography on a column of , alumina [eluent: ether-chloroform (1:25)]. 

; The IR spectrum of (I) is characteristic for diterpene alkaloids of the lycoctonine type, 
■wing absorption bands at 1100 cm 1 (ether C-0 bonds) and 3475 cm" 1 (hydroxy groups). The 
** spectra , (CDC1 3 , ppm, 6 scale, HMDS = 0) revealed signals in the form of a three-proton 
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he Me a <H»* 

II) to 



Eaglet 
three-i 




atx0.86 from a -C-CH 3 group; a three-proton triplet at 0.98 from a j> N-CH a -CH 9 group; 

«3 «i5 r ? t0ii sin £ lets at 3.16, 3.25, and 3.33 from three methoxy groups; a one-proton triplet 

■OS from 3-H at C-14; a one-protori singlet at 4.11 from cr-H at C-6; and two one-proton 
^ets at 4.92 and 5.02 from a CH a O a group. 

Analysis of the results that we had obtained and their comparison with information in 
tha t 2f r * fcure enabled ba se (I) to be identified as delpheline [3-5], This is the first ti 
te Jipheline has been isolated from plants of the family Ranuncufaceae growing in the 
^Itory of the USSR. 
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